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A B S T R A C T 
A c a d m i u m - r e s i s t a n t and a c c u m u l a t i n g 
Pseudomonas picketti strain has been isolated from 
sewage in Tai Po Industrial E s t a t e , Hong K o n g . It is 
also c h l o r a m p h e n i c o l - , zinc- and c o p p e r - r e s i s t a n t • No 
s i g n i f i c a n t r e l a t i o n s h i p between c h l o r a m p h e n i c o l 
resistance and c a d m i u m u p t a k e was o b s e r v e d . The 
a c c u m u l a t i o n of cadmium w a s u n l i k e l y plasmid e n c o d e d . 
The s y n t h e s i s of a p r o t e i n of a p p r o x i m a t e l y 27,000 and 
an other of 31,000 d a l t o n s were inhibited and induced 
r e s p e c t i v e l y in c a d m i u m - a c c o m m o d a t e d c e l l s , w h i c h were 
observed i r r e s p o n s i b l e to cadmium a c c u m u l a t i o n through 
direct cadmium b i n d i n g . I n s t e a d , a n o t h e r p r e - e x i s t i n g 
p r o t e i n of about 14,300 d a l t o n s was found to bind 
c a d m i u m , p h o s p h a t e and s u l p h a t e . C o n s i d e r a b l e amount 
of p r e c i p i t a t e was w i t n e s s e d on c a d m i u m - a c c o m m o d a t e d 
cell surfaces through t r a n s m i s s i o n e l e c t r o n 
m i c r o s c o p y . Referring to the s t o i c h i o m e t r i c 
r e l a t i o n s h i p noted between c e l l u l a r cadmium and 
cellular sulphide and p h o s p h a t e , the a c c u m u l a t i o n of 
c a d m i u m is likely m e d i a t e d by the facilitated 
p r e c i p i t a t i o n of insoluble inorganic salts on the 
surface w i t h sulphide and p h o s p h a t e as the c o u n t e r i o n s 
i i 
of Cd^^. Such siccuniulation was also e f f e c t i v e for copper 
but not for z i n c . U p o n i m m o b i l i z a t i o n , the cells 
immobilized in p o l y a c r y l a m i d e e x h i b i t e d better 
a c c u m u l a t i o n of the m e t a l s than in c a r r a g e e n a n . B e s i d e s , 
both m e t h a n o l and NaOH t r e a t e d i m m o b i l i z e d cells showed 
enhanced cadmium b i n d i n g . 
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General Introduction 
C H A P T E R 1 
G E N E R A L INTRODUCTION 
1 • 1 Environment. Is PoJ 1 nt.^H ‘ 
N o w a d a y s , it is not surprising that w h e n e v e r we 
talk about e n v i r o n m e n t , the first that comes a c r o s s is 
p o l l u t i o n . O u r g r e a t a c h i e v e m e n t in s c i e n c e , t e c h n o l o g y , 
a g r i c u l t u r e , i n d u s t r y and e c o n o m y in the past c e n t u r i e s 
are beyond d o u b t . H o w e v e r , it was not u n t i l the last few 
decades that we h a v e paid c o n s i d e r a b l e a t t e n t i o n to the 
side effects of such e f f o r t s . We have always been 
deceived by the advanced t r a n s p o r t a t i o n , h i g h e r 
p r o d u c t i v i t y , g r e a t e r a v a i l a b i l i t y of new and b e t t e r 
p r o d u c t s , m o d e r n and c o n v e n i e n t ways of l i f e , e t c . , 
ignoring the e v e r - i n c r e a s i n g amount of w a s t e s that left 
behind; and the cost is, u n f o r t u n a t e l y , the s e e m i n g l y 
absymal e x p e n s i o n of p o l l u t i o n s and in turn our being 
flooded with d y e s , o i l s , c a n s , c h e m i c a l s , p l a s t i c b a g s , 
p u n g e n t g a s e s , e t c . , a t r e m e n d o u s l y stinking and toxic 
e n v i r o n m e n t , 
P o l l u t a n t s include g a s e s , liquids and s o l i d s , in 
w h i c h c h e m i c a l s , p a t h o g e n i c m i c r o b e s , toxic m e t a l s , e t c . , 
are i n v o l v e d , t o g e t h e r with n o i s e , radiation and t h e r m a l 
p o l l u t i o n (Joseph P r i e s t , 1973). Their causes are not 
only a c c i d e n t a l but also力 Continuous• The e x p a n d i n g 
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p o p u l a t i o n , the i n c r e a s i n g p r o d u c t i o n and rapid t u r n o v e r 
of m a n u f a c t u r e d g o o d s , and m o r e i m p o r t a n t , the short 
sight of p r o d u c e r s and the i m p r o p e r h a n d l i n g of w a s t e s , 
the i n a d e q u a t e c o n t r o l by the g o v e r n m e n t s and the 
u n a w a r e n e s s of the p u b l i c all c o n t r i b u t e to the 
d r a s t i c a l l y i n c r e a s i n g rates of p o l l u t i o n . The 
c o n s e q u e n c e e x i s t s in m a n y ways: the c l e a r i n g up of 
forests and f a r m l a n d , the c o n t a m i n a t i o n of r i v e r s , 
c h a n n e l s and s e a s , the acid r a i n s , the r e d u c t i o n of the 
ozone l a y e r , the i n d u c t i o n of i n f e c t i o n , of c a n c e r s and 
o t h e r d i s e a s e s and the e x t i n c t i o n of e n o r m o u s a n i m a l or 
p l a n t s p e c i e s , b o t h a q u a t i c and o n - l a n d . Since p o l l u t i o n s 
are a l w a y s not just local but even g l o b a l , we are now 
u n a v o i d a b l y s u r r o u n d e d and d e e p l y a f f e c t e d by the 
n u i s a n c e we g e n e r a t e . E x a m p l e s can be found d a i l y in the 
m e d i a and r e p o r t s on the g u i l t we have d o n e to our 
h a b i t a t s : the h e a v y smoke o v e r Los A n g e l e s during the 
O l y m p i c s and that in S y d n e y (U. S . News & World R e p o r t 
I n c . ) , the 3,300 m i l e s d i r t y g r a y i s h A t l a n t i c p o l l u t e d by 
m a n - m a d e d e b r i s , the oily and e x t i n g u i s h i n g Thames in 
L o n d o n , the h e a v i l y fertilized w a t e r of B o s t o n H a r b o r 
(Inga M a h l e r , et al •， 1986 )， the b e n z e n e - c o n t a i n i n g 
b o t t l e d w a t e r from France (TVB N e w s , 1990 ) e t c’， a n d they 
are a c t u a l l y just a small fraction of an endless list of 
the p o l l u t i o n s . 
2 
General Introduction 
P o l l u t i o n s have started at the time w h e n m a n began 
to use the n a t u r a l r e s o u r c e s of the e n v i r o n m e n t for his 
own b e n e f i t , as stated by H . M . Dix ( 1 9 8 1 ) . T h e y are 
a p p a r e n t l y an u n a v o i d a b l e side p r o d u c t of l i f e . H o w e v e r , 
we should at l e a s t do e v e r y t h i n g we can to m i n i m i z e the 
size or the h a r m f u l e f f e c t of t h e m , or f u r t h e r , to h e l p 
the c o n v e r s i o n of them into forms that b e n e f i t . 
1 •2 H e a v y M e t a l C o n t a m i n a t i o n r 
H i g h l y t o x i c h e a v y m e t a l s and organoraetals are 
c o m m o n c o n t a m i n a n t s of n a t u r a l w a t e r s (Robert B . J o a n s , 
et al., 1984)， and are included in i n d u s t r i a l and 
d o m e s t i c w a s t e w a t e r , a t m o s p h e r i c d e p o s i t i o n , e r o s i o n and 
even a l g i c i d e s and a n t i f o u l i n g c o a t i n g s . A l t h o u g h t h e y 
u s u a l l y o c c u r in trace a m o u n t , h o w e v e r , in m a n y 
i n d u s t r i a l p r o d u c t i o n p r o c e s s e s such as s m e l t i n g and 
e l e c t r o p l a t i n g , t h e i r c o n c e n t r a t i o n s can be in toxic 
levels ( N u r n b e r g , 1982 )• 
H e a v y m e t a l s are a l w a y s m o r e d i s t u r b i n g than o t h e r 
p o l l u t a n t s in that they are not b i o d e g r a d a b l e (Mohamed R . 
L a s h e e n , 1 9 8 7 ) , B e s i d e s , t h e y can a l w a y s be a c c u m u l a t e d 
in v i t a l o r g a n s so that p r o g r e s s i v e l y g r o w i n g toxic 
a c t i o n s can be i n t r o d u c e d even the a v e r a g e d a i l y intake 
( N u r n b e r g , 1982) is l o w . A m o n g those m e t a l s are l e a d , 
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m e r c u r y , c a d m i u m , c o p p e r , z i n c , c h r o m i u m and some o t h e r 
h a z a r d o u s e l e m e n t s u s u a l l y c o n t a i n e d in the e f f l u e n t s . 
For e x a m p l e , the P b , As and Sb p o l l u t e d air in S o u t h e r n 
N o r w a y (Eiliv S t e i n n e s , 1 9 8 7 ) , the s e v e r e l y c a d m i u m -
p o l l u t e d rice fields by w a t e r from n e a r b y s m e l t e r y in 
J a p a n ( J a p a n e s e A s s o c i a t i o n of P u b l i c H e a l t h , 1970)， the 
cadmium- and l e a d - p o l l u t e d suburbs of B o s t o n and area in 
C h a m p a i g n - U r b a n a (Robert L . et al. , 1976 ) are some of the 
typical e x a m p l e s w h i c h tell us that s e r i o u s a t t e n t i o n 
should be p a i d to such p o l l u t i o n before it c a n n o t be 
r e v e r s e d . 
In H o n g K o n g , v e g e t a b l e s that w e r e grown on the 
sides of the h i g h w a y s were found to be p o l l u t e d by h e a v y 
m e t a l s (M. H . W o n g , 1987) . It is also noted that the 
h e a v y m e t a l c o n t e n t in some w a t e r s t r e a m s in S h a t i n has 
exceeded 1,000 p p m (TVB N e w s , H . K . , D e c . , 1989) in w h i c h 
cadmium s h a r e s an u n i g n o r a b l e p a r t . In f a c t , 
e x c e p t i o n a l l y h i g h levels of cadmium h a v e r e p e a t e d l y b e e n 
reported in z o n e s like Lau Fan Shan in the New 
T e r r i t o r i e s o v e r the recent y e a r s . 
It is thus o b v i u o s l y n e c e s s a r y , if not too late to 
stop the t r a g e d y , to reduce the h e a v y metal c o n t e n t in 
the areas to an a c c e p t a b l e level for our h e a l t h . 
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1 • 3 The___Mfe^___of___Cadmium___and Some R e l a t e d M e t a l s on 
E n v i r o n m e n t : 
C a d m i u m w a s d i s c o v e r e d a l m o s t s i m u l t a n e o u s l y by 
S t r o m e y e r and b y H e r m a n n in G e r m a n y in 1817 as a 
b y p r o d u c t m a t e r i a l in zinc o r e s (Marie F a r n s w o r t h , 1980 ). 
It w a s n a m e d a f t e r the a n c i e n t G r e e k n a m e for zinc o x i d e 
in w h i c h it o f t e n o c c u r s . E s t i m a t e s of its a b u n d a n c e in 
the e a r t h , s c r u s t r a n g e from 0.1 to 0.2 p p m , m a k i n g it 
the 67th e l e m e n t in o r d e r of a b u n d a n c e . Its a t o m i c weigh七 
and a t o m i c n u m b e r are 1 1 2 . 4 1 and 48 r e s p e c t i v e l y , w i t h 
the o u t e r e l e c t r o n c o n f i g u r a t i o n of T h e r e are 
e i g h t n a t u r a l i s o t o p e s of c a d m i u m w i t h a t o m i c m a s s e s 
r a n g i n g from 106 to 116 and a n u m b e r of r a d i o i s o t o p e s 
(eg. • c d � i i 5 c d � i i 5 „ C d ) . U n d e r r e d u c i n g c o n d i t i o n , the 
c h e m i c a l p r o p e r t i e s of c a d m i u m m o s t c l o s e l y r e s e m b l e 
those of zinc a n d to a l e s s e r e x t e n t r e s e m b l e m e r c u r y 
( F u l k e r s o n , W.， et a i . , 1 9 7 3 ) . B e s i d e s o x i d e , c a d m i u m c a n 
be p r e p a r e d as h y d r o x i d e , h a l i d e , s u l p h a t e , e t c . It c a n 
be used in N i - C d s t o r a g e b a t t e r y , r e c t i f i e r , f u n g i c i d e or 
c o p y i n g p a p e r m a n u f a c t u r y , e l e c t r o p l a t i n g of v a r i o u s 
m e t a l s and a l l o y s , the p r o d u c t i o n of a s o l v e n t for 
s u l f i t e p u l p s ( J a y m e , G , � 1 9 6 0 ) , or as a d e o x i d i z e r in 
n i c k e l p l a t i n g , a c a t a l y s t , an e l e c t r o d e , a p i g m e n t of 
latex p a i n t s , e t c . 
A p a r t from its v e r s a t i l i t y , h o w e v e r , c a d m i u m is 
also w e l l k n o w n as an u n d e s i r a b l e c o n t a m i n a n t to the 
e n v i r o n m e n t , and c o n s e q u e n t l y , a s e r i o u s h a z a r d to 
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A p a r t from its v e r s a t i l i t y , h o w e v e r , c a d m i u m is 
also w e l l k n o w n as an u n d e s i r a b l e c o n t a m i n a n t to the 
environment， and c o n s e q u e n t l y , a s e r i o u s h a z a r d to 
o r g a n i s m s . Even a d o s e as low as 1 ,4 m g / k g can lead to 
c o m p l e t e t e s t i s n e c r o s i s . W h e n a b s o r b e d , it is 
a c c u m u l a t e d m a i n l y in liver and k i d n e y , c a u s i n g r e n a l 
l e s i o n ( K i y o y u k i Kawai， et al, , 19 7 6), n e c r o s i s in the 
m i d z o n e of the c o r t e x , c o l l a p s e of the red p u l p of the 
spleen and p a n c r e a s , v a c u o l a t i o n of the s m o o t h m u s c l e of 
a r t e r i a l w a l l , e d e m a t o u s i n t e r s t i t i u m � i n t e r s t i t i a l 
f i b r o s i s , n e p h r o s c l e r o s i s or even s k e l e t a l l e s i o n s , 
e i t h e r a c u t e or c h r o n i c . M o s t p e o p l e in Fuchu a r e a in 
T o y a m a P r e f e c t u r e , J a p a n , s u f f e r e d from 工tai-itai 
{Friberg et al.，19 74 ) e n d e m i c a l l y d u r i n g the 1940‘s and 
1950‘s ( H a g i n o , 1957 ) a n d , t u b u l a r p r o t e i n u r i a was a 
c o m m o n f i n d i n g a m o n g o t h e r p e r s o n s from the p o l l u t e d area 
(Itai-itai R e s e a r c h C o m m i t t e e , 1968； I s h i z a k i , 1969 ). 
L a t e r , it w a s b e l i e v e d that I t a i - i t a i and the renal 
t u b u l a r d y s f u n c t i o n among c a d m i u m - e x p o s e d p e r s o n s of 
Fuchu w a s an e x p r e s s i o n of c h r o n i c c a d m i u m p o i s o n i n g 
(Friberg et al,, 1971 and 1 9 7 4 ) owing to the p o l l u t i o n of 
rice fields by zinc m i n e s n e a r b y . D i f f i c i e n t c o n s u m p t i o n 
of c e r t a i n e s s e n t i a l food e l e m e n t s and v i t a m i n s (eg. 
v i t a m i n D ) ( K a j i k a w a et al. , 1973 ) w a s p r o b a b l y a 
c o n t r i b u t i n g f a c t o r . B e s i d e s , the o s t e o m a l a c i a h a s long 
b e e n found r e l a t e d to h i g h cadmium e x p o s u r e in i n d u s t r y 
(Nicaud et al , , 1942； B o n n e l l , 195 5; G e r v a i s and D e l p e c h , 
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1963; A d a m s et al,, 1969 ) . H y p e r t e n s i o n (H. M . P e r r y , 
1 9 7 4 )， p r o s t a t i c c a n c e r (Malcolm, et al. , 1972 ), S a r c o m a s 
and L e y d i g i o m a s T u m o r s (Lucis et al, , 1973 ) were found to 
be some i n d u c i b l e e f f e c t s of c a d m i u m . In a d d i t i o n , 
e x t e n s i v e s i n g l e - s t r a n d b r e a k a g e in DNA w a s o b s e r v e d in 
c a d m i u m e x p o s e d Escherichia coli by M . B . K h a z a e l i et 
al. ， (1981). 
The m a i n s o u r c e of intake of c a d m i u m by the g e n e r a l 
p o p u l a t i o n is from f o o d , e s p e c i a l l y those c a d m i u m -
a c c u m u l a t i n g o r g a n i s m s such as b i v a l v e s , shellfish and 
some other k i n d s of s e a f o o d s , or even crops like rice and 
w h e a t (Marie F a r n s w o r t h , 1980 )• C i g a r e t t e , dust 
( e s p e c i a l l y that of size less than 5 jiin, w h i c h can e a s i l y 
be inhaled and e m b e d d e d in the l u n g ) , p h o s p h a t e 
f e r t i l i z e r and f o s s i l oils are other c o m m o n s o u r c e s of 
the n o t o r i u o s p o l l u t a n t . In industrial a r e a s , m o s t of the 
cadmium p o l l u t i o n c o m e s from zinc s m e l t i n g , 
e l e c t r o p l a t i n g , c a n n i n g and b a t t e r y p r o d u c t i o n . O w i n g to 
inadequate c o n t r o l and improper ways of d i s p o s a l of 
i n s u f f i c i e n t l y t r e a t e d or even u n t r e a t e d w a s t e s from 
these i n d u s t r i e s , u n p o l l u t e d land and w a t e r streams have 
c o n t i n u o u s l y been being chewed u p , in w h i c h c a d m i u m is no 
more t r a c e . 
Z i n c , w h i c h l o c a t e s in the same Subgroup IIB w i t h 
c a d m i u m , is the 17th most a b u n d a n t element in the e a r t h ' s 
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c r u s t . It is a l s o one of the m o s t a b u n d a n t of the 
e s s e n t i a l t r a c e m e t a l s in the h u m a n b o d y , and is 
o n c o g e n i c (B. V e n u g o p a l et al•， 1 9 7 8 ) . It is e x t e n s i v e l y 
u s e d in b r o n z e , b r a s s , g a l v a n i z e d s h e e t i r o n , d r y c e l l , 
•jar c a p , p i p e， p a i n t , c e r a m i c , c o s m e t i c a n d t e x t i l e 
i n d u s t r i e s . A l t h o u g h z i n c i t s e l f is n o r m a l l y n o t 
c o n s i d e r e d to be an i n d u s t r i a l h e a l t h h a z a r d d u e to that 
b o d y z i n c l e v e l can n o r m a l l y be h o m e o s t a t i c a l l y 
r e g u l a t e d , its p r e s e n c e is s o m e w h a t u n a v o i d a b l y 
a s s o c i a t e d w i t h e x t r e m e l y t o x i c m e t a l s s u c h as a r s e n i c , 
c a d m i u m , m a n g a n e s e a n d l e a d as its c o n t a m i n a n t s . 
N e v e r t h e l e s s , a b n o r m a l l y h i g h z i n c l e v e l s c a n r e s u l t in 
b l o o d e n t e r i t i s , d i a r r h e a , b u c c a l a n d g a s t r o e n t e r i c 
d a m a g e s , and p a n c r e a t i c d e r a n g e m e n t ( M u r p h y , 1 9 7 0 ) • 
B e s i d e s cadmiuni and z i n c , c o p p e r is a n o t h e r 
p o l l u t a n t u s u a l l y f o u n d in e f f l u e n t s . C o p p e r is 
e x t e n s i v e l y u s e d in the m a n u f a c t u r y of e l e c t r i c a l 
e q u i p m e n t , a l l o y s , c h e m i c a l a p p a r a t u s , a n t i f o u l i n g 
p a i n t s , i n s e c t i c i d e s , f u n g i c i d e s , p i g m e n t s , p h o t o g r a p h i c 
intensifies， h u m i d i t y i n d i c a t o r , e t c . (B, V e n u g o p a l and 
T . D . L u c k e y , 1 9 7 8 ) . It is an i n d u s t r i a l h e a l t h h a z a r d 
and a p o t e n t i a l t o x i c a n t in a g r i c u l t u r a l s p r a y s and t h e i r 
r e s i d u e s in f o o d . C o p p e r c o n t a i m i n a t i o n i n c i d e n t s w e r e 
r e p o r t e d r e g u l a r l y (The C e n t r e for D i s e a s e C o n t r o l , U , S . 
A l t h o u g h it is e s s e n t i a l to the g r o w t h of m a n and a 
w i d e r a n g e of s p e c i e s , e x c e s s i v e a m o u n t of c o p p e r m a y 
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lead to h e m o l y t i c j a u n d i c e , h y p o c h r o m i c m i c r o c y t i c 
a n e m i a , r e d u c e d g r o w t h rate (E, J . U n d e r w o o d , 19 71), 
n a u s e a , v o m i t i n g , e p i g a s t r i c p a i n , y e l l o w w a t e r y 
d i a r r h e a , s p o r a d i c f e v e r , t a c h y c r a d i a , h y p o t e n s i o n , c o m a , 
c a r d i o v a s c u l a r c o l l a p s e or even d e a t h (B. V e n u g o p a l et 
al. , 1978 ). 
1•4 The U s e s of M i c r o o r g a n i s m s in C l e a n i n g Up E n v i r o n m e n t : 
A s c o m m o n k n o w l e d g e to nowadays‘ bi o l o g i s t s and 
e c o l o g i s t s , m i c r o o r g a n i s m s p l a y a f u n d a m e n t a l role in m a n y 
e c o s y s t e m s and are a v e r y i m p o r t a n t e l e m e n t in the n a t u r a l 
r e c y c l i n g of m a t e r i a l s such as the carbon c y c l e , n i t r o g e n 
c y c l e , p h o s p h a t e c y c l e , e t c , By m a n i p u l a t i n g the required 
b i o a c t i v i t i e s in a c o n t r o l l e d m a n n e r , the b i o l o g i c a l 
p r o p e r t i e s of m a n y m i c r o o r g a n i s m s can be m a d e use of 
i n d u s t r i a l l y . B e s i d e s being a p p l i e d to the b i o s y n t h e s i s of 
a n t i b i o t i c s , o r g a n i c acids or i n d u s t r i a l e n z y m e s , 
m i c r o o r g a n i s m s can also be used to remove u n d e s i r a b l e 
m a t e r i a l s from w a s t e s . G r e a t s u c c e s s e s in the s a n i t a t i o n 
of t r e m e n d o u s v o l u m e of d o m e s t i c waste water by the 
i n t r o d u c t i o n of a c t i v a t e d s l u d g e , aerated or a n a e r o b i c 
l a g o o n , t r i c k l i n g filter and rotating disc r e a c t o r have 
been a c h i e v e d in recent d e c a d e s . Such introduction of 
m i c r o b i o l o g i c a l t r e a t m e n t s have been proved a p o w e r f u l 
m e a n to solve the p r o b l e m s of the d e g r a d a t i o n of faecal 
m a t t e r s , the removal of bad smell and other d o m e s t i c 
9 
General Introduction 
s u b s t a n c e s . O t h e r u t i l i t i e s of m i c r o o r g a n i s m s in the 
r e m o v a l of i n d u s t r i a l p o l l u t a n t s are also e i t h e r e m p l o y e d 
or u n d e r i n v e s t i g a t i o n and the f i n d i n g s are q u i t e 
e n c o u r a g i n g : the crude oil d e g r a d a t i o n b y f i l a m e n t o u s 
fungi (Jerome J, P e r r y et al . , 1973}, the b i o d e g r a d a t i o n 
of alpha- and b e t a - h e x a c h l o r o c y c l o h e x a n e (A, B a c h m a n n , et 
al.， 1988)， the r e s o l u b i l i z a t i o n and s u b s e q u e n t 
a c c u m u l a t i o n of v a r i o u s m e t a l s by b a c t e r i a (W. P . Iverson， 
et al. , 1978 )， the removal of cadmium by m i c r o o r g a n i s m s in 
a t w o - s t a g e c h e m o s t a t (C. H o u b a et al,, 1 9 8 4 )， e t c . A m o n g 
a wide range of studies on the b i o l o g i c a l r e m o v a l of 
w a s t e s , the f e a s i b i l i t y of using i m m o b i l i z e d c e l l s to 
remove c a d m i u m and some o t h e r h e a v y m e t a l s from l i q u i d 
w a s t e is the field w h e r e the m a j o r i n t e r e s t of our w o r k 
l o c a t e s . 
1•5 M e c h a n i s m s of C a d m i u m U p t a k e in C a d m i u m A c c u m u l a t i n g 
Strains 
The r e s i s t a n c e and u p t a k e of c e r t a i n h e a v y m e t a l s of 
living o r g a n i s m s , e i t h e r a n i m a l s , p l a n t s or m i c r o b e s , have 
r e c e n t l y been i n v e s t i g a t e d e x t e n s i v e l y . E x a m p l e s are the 
studies on the m e t a l l o t h i o n e i n s in m a m m a l s , the c y s t e i n e -
rich and a r o m a t i c amino acid d e f i c i e n t c a d m i u m - b i n d i n g 
p r o t e i n s of 12,000 d a l t o n s in Helix pomatia, Arianta 
arbustorum and 10,000 in Cepaea hortensis (Dallinger R•， 
et al,，1989). O t h e r e x a m p l e s are the two c a d m i u m - i n d u c e d 
10 
General Introduction 
cadmium- and zinc—binding proteins purified from the 
oyster Crassostrea virginica {Roesijadi G.， et al, , 1989 ), 
the "prokaryotic metallothioneins" in Synechococcus 
(Olafson, et al, , 1979) and E, coli (M, B . Khazaeli， et 
al,， 1981 ) s p e c i e s . These proteins were all shown to be 
c o n t r i b u t i v e to the d e t o x i f i c a t i o n of the metal ions by 
direct b i n d i n g . B e s i d e s , the copper-binding exopolymers 
from a f r e s h w a t e r — s e d i m e n t bacterium (M. W . M i t t e l m a n , et 
aJ••，1985)，the e x t r a c e l l u l a r accumulation of uranium by 
Saccharomyces cerevisiae and intracellular a c c u m u l a t i o n by 
Pseudomonas aeruginosa (Gerald W . S t r a n d b e r g , et al., 
1981)， e t c . showed that cell components other than 
p r o t e i n s can also be responsible to the removal of h e a v y 
m e t a l s . 
The nature and extent of heavy metal interaction 
w i t h such o r g a n i s m s depend on both the species or even the 
strains of the organisms and the m o l e c u l a r species of the 
h e a v y m e t a l i n v o l v e d . For instance, some b a c t e r i a , fungi, 
p l a n t s and shellfish were known to accumulate cadmium but 
no b i o a c c u m u l a t i o n of cadmium has been reported in fish. 
F u r t h e r m o r e , close strains do not necessarily share 
simular c a p a c i t y or mechanism of heavy metal u p t a k e . 
A number of isolated strains have been reported to 
be capable of accumulating large amount of c a d m i u m . 
A l t h o u g h some cadmium resistance mechanisms of bacteria 
11 
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have r e c e n t l y been c h a r a c t e r i z e d and some of them w e r e 
proved to be c h r o m o s o m a l encoded (Inga M a h l e r , et al., 
1986) while some others to be plasmid encoded and even 
t r a n s f e r r a b l e b e t w e e n P s e u d o m o n a d and Escherichia coli 
strains (Michel J. G a u t h i e r et al., 1985; H o r i t s u H . , et • 
aJ.， 1 9 8 6 ) . H o w e v e r , i n f o r m a t i o n about the c a d m i u m 
a c c u m u l a t i o n m e c h a n i s m s are p a r t i c u l a r l y u n k n o w n . Lynne E . 
M a c a s k i e , et al • ( 1983) claimed that the high c a d m i u m 
a c c u m u l a t i o n a b i l i t y of a C i t r o b a c t e r strain was p r o b a b l y 
a c h i e v e d through the a c t i v i t y of a cell-bound p h o s p h a t a s e 
induced during p r e - g r o w t h by the provision of glycero-2-
p h o s p h a t e as sole p h o s p h o r u s source and the c o n t i n u o u s 
enzyme function in resting cells would then p r e c i p i t a t e 
the m e t a l as c e l l - b o u n d c a d m i u m p h o s p h a t e . Two K l e b s i e l l a 
strains capable of a c c u m u l a t i n g cadmium in form of c a d m i u m 
sulphide or c a d m i u m p h o s p h a t e or both were reported by H . 
A i k i n g , et al, , ( 1985 ) . M . B . Khazaeli et al • (1981) found 
that a c a d m i u m — b i n d i n g p r o t e i n of about 39,000 d a l t o n s 
could be induced in a Escherichia coli B strain to 
c o m p a r t m e n t a l i z e the toxic ion. On the other hand, some 
Serratia marcescens and Paracoccus species were found by 
Ewa Kurek et a_Z •， ( 1982 ) to concentrate cadmium simply via 
a d s o r p t i o n . In our w o r k , a c a d m i u m - a c c u m u l a t i n g 
P s e u d o m o n a s strain was isolated and studies on its c a d m i u m 
a c c u m u l a t i o n were p e r f o r m e d and the results are p r e s e n t e d 
in the following c h a p t e r s . 
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1•6 T e c h n i q u e s for Cell I m m o b i l i z a t i o n : 
Once a h e a v y metal a c c u m u l a t i n g strain is obtained 
for the removal of the m e t a K s) from l i q u i d , it is 
n e c e s s a r y to immobilize the cells in s e m i p e r m e a b l e c a r r i e r 
to c o n f i n e the cells t o g e t h e r with the heavy m e t a l ( s ) 
a c c u m u l a t e d w i t h i n the c a r r i e r so that the cells and 
a b s o r b e d h e a v y m e t a l ( s ) w o u l d not be carried away by the 
liquid flow, B e s i d e s , in the down stream p r o c e s s i n g of the 
removal of h e a v y m e t a l (s) from l i q u i d , centrif ligation 
a f t e r each p r o c e s s is t h e r e f o r e u n n e c e s s a r y to achieve 
cell s e p a r a t i o n from the liquid phase and the immobilized 
cells that have a c c u m u l a t e large amount of the m e t a l ( s ) . 
In addition to its i m p r o v e m e n t in p h a s e s e p a r a t i o n , 
i m m o b i l i z a t i o n m a k e s a high yield per space and time (i.e. 
v o l u m e t r i c p r o d u c t i v i t y ) p o s s i b l e , w h i c h is a c r i t i c a l 
c r i t e r i o n in i n d u s t r i a l p r o c e s s e s . F u r t h e r m o r e , the 
s t a b i l i t y of c e r t a i n a c t i v i t i e s of cells can be enhanced 
by p r o p e r i m m o b i l i z a t i o n . 
Long before i m m o b i l i z a t i o n techniques w e r e 
r e c o g n i z e d , immobilized c a t a l y s t s were a l r e a d y in u s e . In 
about 1815, i m m o b i l i z a t i o n w e r e applied e m p i r i c a l l y to the 
trickling p r o c e s s e s for a c e t i c acid and waste w a t e r 
t r e a t m e n t , w i t h o u t the realization that bacterial 
a d h e s i o n was i n v o l v e d . In 1916, N e l s o n et al • 
s u s c e s s f u l l y retained the a b i l i t y of yeast invertase on 
13 
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a c t i v a t e d c h a r c o a l to break down s u c r o s e . In the 1950,s， 
G r u b h o f e r et al . d e m o n s t r a t e d that specific acting 
synthetic p o l y m e r s could be used to bind p h y s i o l o g i c a l l y 
active p r o t e i n s . H o w e v e r , it was not u n t i l the first 
industrial a p p l i c a t i o n of L-araino acid p r o d u c t i o n from 
racemic m i x t u r e s w i t h ionically-bound L - a n i n o a c y l a s e by 
the J a p a n e s e c o m p a n y Tanabe Seiyaku in 1969 on the basis 
of the w o r k of I. C h i b a t a that i m m o b i l i z a t i o n t e c h n i q u e s 
received a p p r o p r i a t e c o n s i d e r a t i o n . A r o u n d the mid-1970‘s, 
i m m o b i l i z a t i o n was no longer confined to c o e n z y m e - f r e e 
single enzyme systems fW, H a r t m e i e r , 1986 ) • Living cell 
and o r g a n e l l e i m m o b i l i z a t i o n as well as the binding and 
r e g e n e r a t i o n of c o e n z y m e s were also under i n v e s t i g a t i o n . 
L a t e r , plant- and a n i m a l - t i s s u e cells besides m i c r o b e s 
vrere also i m m o b i l i z e d • In the mid — 1980，s， a m u l t i - e n z y m e 
system involving c o f a c t o r r e g e n e r a t i o n in m e m b r a n e 
reactors was s u c c e s s f u l l y applied to the industrial 
p r o d u c t i o n of L - a m i n o acids from keto a c i d s . 
The i m m o b i l i z a t i o n t e c h n i q u e s c u r r e n t l y in use can 
be grouped into several c a t e g o r i e s according to their 
p h y s i c a l or c h e m i c a l n a t u r e s , i.e. a d s o r p t i o n , cross-
linkage , c o v a l e n t b o n d i n g , membrane confinement and 
e n t r a p m e n t . A c t i v a t e d c h a r c o a l , porous k a o l i n i t e , m e t a l 
o x i d e s , a g a r o s e , cellulose and resins are good a d s o r b e n t s 
(Krakowiak, et al, , 1984; W . W . T s o , et al, , 1983 ; 
M i y a w a k i et al. , 1983 ； Kato et al, , 1983 ； Wieqel et al,, 
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1 9 8 4 ) . The i n t e r a c t i o n s b e t w e e n a d s o r b e n t s and a d s o r b a t e s 
include van d e r W a a l s f o r c e s , h y d r o g e n bridges or even 
h y d r o p h o b i c i n t e r a c t i o n s and are thus not m e r e l y p h y s i c a l 
(W. H a r t m e i e r , 1 9 8 6 ) . This is s e e m i n g l y the simplest w a y 
to i m m o b i l i z e e n z y m e s , o r g a n e l l e s or cells but firm 
a d s o r p t i o n is s o m e t i m e s not e a s y to a c h i e v e . 
G l u t a r a l d e h y d e and a d i p i n i c acid d i h y d r a z i d e are 
suitable for c r o s s - l i n k a g e (Kaul , et a_Z.， 1984 ； W o r k m a n et 
al•, 1983; B a r b a r i c et al. , 1983 ) • C r o s s - l i n k a g e can be 
easily p e r f o r m e d by the c o — p o l y m e r i z a t i o n of a m o n o m e r 
reagent and the enzymes or cell c o m p o n e n t to form a 
p o l y m e r i c n e t w o r k . Some photo c r o s s - l i n k i n g monomers such 
as P E G M , X P E and E N T ( I I ) are also used for immobilization 
of cells and o r g a n e l l e s (Y. J i a n g , 1981 ； Itoh et al., 
1987; M a z u m d e r et al, , 1985 )• One d i s a d v a n t a g e of the 
p a r t i c l e s p r o d u c e d through c r o s s - l i n k a g e , h o w e v e r , is that 
they are u s u a l l y g e l a t i n o u s and not p a r t i c u l a r l y firm (W. 
H a r t m e i e r , 1986 ) and thus less useful for packed b e d s . 
S e p h a r o s e , c e l l u l o s e , d e x t r a n , p o r o u s glass are used 
in i m m o b i l i z a t i o n through c o v a l e n t binding (Clark et al,, 
1984; A h m e d et al •，1984 ； C a n n o n , et al., 1984; Gainer et 
ai., 1980; I b r a h i m , et al. , 1985 ； H o s s a i n et al. , 1 9 8 5 ) . 
Tight c o v a l e n t a s s o c i a t i o n is formed between b i o c a t a l y s t 
and functional groups (eg. a m i n o , c a r b o x y l , s u l f h y d r y l , 
h y d r o x y l , i m i d a z o l and p h e n o l i c g r o u p s ) of the c a r r i e r . 
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The c o n n e c t i o n b e t w e e n c a r r i e r and b i o c a t a l y s t can be 
a c h i e v e d e i t h e r by d i r e c t l i n k a g e b e t w e e n the c o m p o n e n t s 
or v i a an i n t e r c h e l a t e d link of d i f f e r e n t length (i.e. a 
s p a c e r ) to give a h i g h e r d e g r e e of m o t i l i t y to the coupled 
b i o c a t a l y s t . A f r e q u e n t l y e n c o u n t e r e d d i s a d v a n t a g e of 
i m m o b i l i z a t i o n by c o v a l e n t binding is that the n o r m a l l y 
n e c e s s a r y h a r s h n e s s of the i m m o b i l i z a t i o n p r o c e d u r e always 
leads to c o n s i d e r a b l e c h a n g e s in c o n f o r m a t i o n and that a 
single link is u s u a l l y i n s u f f i c i e n t for c o u p l i n g large 
b i o c a t a l y s t units such as o r g a n e l l e s or w h o l e cells (W. 
H a r t m e i e r , 1986)• 
M e m b r a n e c o n f i n e m e n t can be a c h i e v e d by e i t h e r 
m i c r o e n c a p s u l a t i o n , l i p o s o m e t e c h n i q u e or m e m b r a n e 
r e a c t o r s to r e t a i n the b i o c a t a l y s t by a s e m i p e r m e a b l e 
m e m b r a n e w i t h o u t b l o c k i n g the s u b s t r a t e and p r o d u c t 
t r a n s f e r。 M i c r o e n c a p s u l a t i o n has not yet been used for 
w h o l e cells and o n l y r e l a t i v e l y seldom for e n z y m e s (W. 
H a r t m e i e r , 1 9 8 6 ) . In this m e t h o d , the e n z y m e s and a 
h y d r o p h i l i c m o n o m e r (eg. g l y c o l or p o l y p h e n o l ) are 
e m u l s i f i e d to the d e s i r e d d r o p l e t size (usually between 1 
and 100 jim; can be c o n t r o l l e d by s u r f a c t a n t and the 
i n t e n s i t y of e m u l s i f i c a t i o n ) in an organic solvent (eg. 
c y c l o h e x a n e or c h l o r o f o r m ) that is not m i s c i b l e w i t h 
w a t e r . A h y d r o p h o b i c m o n o m e r (eg. p o l y b a s i c acid c h l o r i d e ) 
is then added to react w i t h the h y d r o p h i l i c m o n o m e r at 
their site of contact to form a p e r m a n e n t s e m i p e r m e a b l e 
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p o l y m e r i c l a y e r . O n the other h a n d , s o f t , def ormable 
l i q u i d - l i p i d m e m b r a n e s can be formed by the liposome 
t e c h n i q u e . By soni f ication of p h o s p h o l i p i d s or o t h e r 
suitable lipids in aqueous s o l u t i o n , l i p o s o m e s , or 
m i c e l l e s c o n t a i n i n g a lipid bilayer w i t h h y d r o p h o b i c 
interior and h y d r o p h i l i c ends facing outward can be 
c o n s t r u c t e d . R e v e r s e micelles containing a lipid bilayer 
w i t h h y d r o p h i l i c interior and h y d r o p h o b i c exterior can 
also be p r o d u c e d by similar m e t h o d , p r o v i d e d that suitable 
r e a g e n t , s u r f a c t a n t and c o n d i t i o n of e m u l s i f i c a t o n are 
e m p l o y e d . They can be used in m e d i c a l t h e r a p y and in 
m o d e l l i n g n a t u r a l systems for basic r e s e a r c h but not in 
industries due to their f r a g i l i t y . A b e t t e r alternative 
m a y be the h o l l o w fibre m e m b r a n e r e a c t o r or the 
u l t r a f i l t e r m e m b r a n e r e a c t o r . They are advantageous in 
that t h e y are c o m m e r c i a l l y a v a i l a b l e , cheap and that 
exposure of the c o n f i n e d b i o c a t a l y s t to inactivating steps 
can be a v o i d e d . 
A m o n g the above five c a t e g o r i e s of m e t h o d s , 
e n t r a p m e n t is the most f r e q u e n t l y used one for the 
i m m o b i l i z a t i o n of whole cells and active cell components 
due to its high e f f i c i e n c y , simplicity and c o n v e n i e n c e . No 
e x t r a c t i o n of cell components is required and large amount 
of cells can be immobilized in a d e f i n i t e volume of 
c a r r i e r . This m a k e the recovery of b i o c a t a l y s t after the 
p r o c e s s e s much e a s i e r . A n o t h e r vital advantage of 
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e n t r a p m e n t over other i m m o b i l i z a t i o n m e t h o d s i s � 
e s p e c i a l l y w h e n the r e q u i r e d a c t i v i t i e s are rather 
c o m p l i c a t e d and p r e c i s e k n o w l e d g e about such a c t i v i t i e s is 
i n a v a i l a b l e , that the b i o c a t a l y s t e n t r a p e d can be 
r e l a t i v e l y u n a l t e r e d since no d i r e c t l i n k a g e b e t w e e n the 
m a t r i x - b i o c a t a l y s t c o m p l e x is i n v o l v e d . Living c e l l s , 
resting c e l l s , dead c e l l s , p r o t o p l a s t s and o r g a n e l l e s can 
be r e a d i l y e n t r a p e d by m a t r i x m a t e r i a l s . T h e y can be 
t a i l o r e d into s p h e r i c a l , c y l i n d r i c a l , fibre- or s h e e t - l i k e 
forms for d i f f e r e n t p u r p o s e s . The c h e m i c a l n a t u r e of the 
m a t r i x m a t e r i a l s as w e l l as the p r i n c i p l e involved in 
t h e i r g e l a t i o n c a n be quite d i v e r g i n g (W, H a r t m e i e r , 
1 9 8 6 ) , N o n - t o x i c m a t r i x m a t e r i a l s such as a l g i n a t e , 
c a r r a g e e n a n , p e c t i n or agar (W. W . T s o , et al, , 1989 ； 
E i k m e i e r et al. , 1984; T s a i et al, , 1986; Deo et al,, 
1984; U m e m u r a et al, , 1984; D w y e r , et al, , 1986 ) are 
suitable to i m m o b i l i z e b i o c a t a l y t i c systems w h o s e 
a c t i v i t i e s are g r o w t h r e l a t e d , c o f a c t o r d e p e n d e n t or 
e a s i l y i n a c t i v a t e d by h a r s h p r o c e d u r e s or r e a g e n t s , O t h e r 
toxic m a t e r i a l s such as a c r y l a m i d e are used for the 
i m m o b i l i z a t i o n of living and resting cells w h o s e 
disturbing- bioact ivit ies other than the a c t i v i t i e s of 
interest can be i n a c t i v a t e d , or dead cells and o t h e r 
b i o c a t a l y s t s w h o s e a c t i v i t i e s of interest are less 
sensitive to the m o n o m e r s u s e d , 
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In a d d i t i o n , combined m e t h o d s are sometimes applied 
to improve the p r o p e r t i e s of the immobilized cells or 
c o m p o n e n t s o b t a i n e d through a single m e t h o d . E x a m p l e s are 
the c o m b i n a t i o n of adsorption and c r o s s - l i n k i n g , the 
a d s o r p t i o n , c o v a l e n t binding and c r o s s - l i n k i n g 
i m m o b i l i z a t i o n , the e n t r a p m e n t - p r e p o l y m e r i z a t i o n , e t c , (W. 
H a r t m e i e r , 1 9 8 6 ) . F u r t h e r m o r e , some u n g r o u p e d 
i m m o b i l i z a t i o n m e t h o d s such as the lining up of b a c t e r i a l 
cells t h r o u g h the t r e a t m e n t of crown ether (W. W . Tso and 
P . F u n g , 1980) h a v e also been d e v e l o p e d . 
A p a r t from the high feasibilty of the a p p l i c a t i o n of 
immobilized c e l l s and other b i o c a t a l y s t s to v a r i u o s 
fields, d i f f u s i o n p r o b l e m is one of the m a j o r drawbacks of 
the i m m o b i l i z a t i o n . For the removal of h e a v y m e t a l ( s ) w i t h 
immobilized c e l l s , p e r m e a b i l i t y is c r i t i c a l because the 
e l e m e n t ( s ) are n o t eliminated but just c o n c e n t r a t e d , 
u s u a l l y in forms of organic or inorganic p r e c i p i t a t e that 
might block the m i n i p a t h s w i t h i n the m a t r i x (A. C . R . 
D e a n , et al, , 1986 )• R e l a t i v e l y weak m e c h a n i c a l strength 
is a n o t h e r c o m m o n d i s a d v a n t a g e of immobilized 
b i o c a t a l y s t s . S u b s e q u e n t hardening p r o c e d u r e s such as 
g l u t a r a l d e h y d e t r e a t m e n t and simple drying u n d e r m o d e r a t e 
temperature can s o m e t i m e s be applied to compensate this 
di f f i c i e n c y . 
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1•7 P r o s p e c t : 
In the long r u n , it is o b v i o u s l y m o s t important of 
the g o v e r n m e n t s to introduce a c o m p r e h e n s i v e and a d e q u a t e 
p o l i c y to c o n t r o l the d i s p o s a l , treatment and reuse of 
w a s t e s , a n d , of the w a s t e - p r o d u c e r s and the p u b l i c to 
d e v e l o p a c o r r e c t concept and attitude against p o l l u t i o n . 
These include the u p g r a d i n g of power of l e g i s l a t i o n on the 
r e g u l a t i o n of e n v i r o n m e n t a l p r o t e c t i o n for p r e v e n t i n g 
u n n e c e s s a r y P o l l u t i o n and the general e d u c a t i o n about the 
harmful e f f e c t s of p o l l u t a n t s to our h e a l t h and the 
e n v i r o n m e n t and the r e s p o n s i b i l t y of each individual to 
act t o w a r d s the p r o t e c t i o n of our e n v i r o n m e n t . H o w e v e r , 
since total e l i m i n a t i o n of waste p r o d u c t i o n is u n l i k e l y 
p o s s i b l e , m o r e p o w e r f u l and efficient t e c h n o l o g y of w a s t e 
treatment is s t i l l badly a n t i c i p a t e d . The trend seems to 
be the i n c r e a s i n g uses of m i c r o b e s for this p u r p o s e for 
reasons that m i l d c o n d i t i o n and less e n e r g y c o n s u m p t i o n 
are s u f f i c i e n t to c o m p l e t e the p r o c e s s e s and that less 
strong acids or a l k a l i n e s are u s e d , w h i c h may e a s i l y 
corrode the f a c i l i t i e s . Its importance as one of the m a j o r 
means of i m p r o v i n g the q u a l i t y of a i r , w a t e r , land and 
other e n v i r o n m e n t a l p r o p e r t i e s around us is beyond d o u b t , 
a n d , more m i c r o b e - r e l a t e d methods together with o t h e r 
physical and c h e m i c a l applications await to be explored to 
achieve a s a f e r , m o r e healthy and more h a r m o n o u s w o r l d . 
They include the m o r e efficient and reliable methods to 
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select or screen for a v e r s a t i l e strain or p o p u l a t i o n for 
the s i m u t a n e o u s d e g r a d a t i o n of a n u m b e r of dyes and 
c h e m i c a l s , the p h y s i c a l , c h e m i c a l or even g e n e t i c 
e n g i n e e r i n g e n h a n c e m e n t of such a b i l i t y as w e l l as 七 he 
a c c u m u l a t i o n of h e a v y m e t a l s , the kinetic studies of the 
d e g r a d a t i v e or a c c u m u l a t i v e a c t i v i t i e s of these cells 
i m m o b i l i z e d in m a t r i x , the i m p r o v e m e n t of m e c h a n i c a l 
s t r e n g t h and s t a b i l i t y of the m a t r i x — b i o c a t a l y s t s , the 
t e c h n o l o g y r e q u i r e d for the i m p r o v e m e n t of r e l e v a n t unit 
o p e r a t i o n p r o c e s s e s in w a s t e t r e a t m e n t i n d u s t r y , e t c . The 
p i c t u r e is c e r t a i n l y far from c o m p l e t e d . 
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C H A P T E R TWO 
ISOLATION OF C A D M I U M A C C U M U L A T I N G M I C R O O R G A N I S M S 
2•1 I n t r o d u c t i o n : 
As an u n a v o i d a b l e result of u r b a n i z a t i o n and 
i n d u s t r i a l d e v e l o p m e n t , our e n v i r o n m e n t is n o w a d a y s 
getting w o r s e and w o r s e . One of the m a j o r types of 
p o l l u t i o n , not just c o n t a m i n a t i o n , a r o u n d us is the 
c o n t i n u o u s d u m p i n g of h e a v y m e t a l s to our a q u a t i c 
c o m p a r t m e n t s . T h e i r r e m a r k a b l e binding c a p a c i t y to 
s e d i m e n t s c a u s e s c u m u l a t i v e and p e r s i s t e n t n o t o r i o u s 
e f f e c t s to o u r h e a l t h a l t h o u g h they n o r m a l l y exist in 
trace a m o u n t . 
A c c o r d i n g to W . P . I v e r s o n , et al• (1978)， 
m i c r o o r g a n i s m s , c h i e f l y the b a c t e r i a and f u n g i , can 
e v e n t u a l l y p r o v i d e c e r t a i n a d a p t i v e m e t a b o l i c a c t i v i t i e s 
to r e s o l u b i l i z e the m e t a l ions from these p o l l u t e d sites 
and s u b s e q u e n t l y a c c u m u l a t e them a g a i n s t a c o n c e n t r a t i o n 
g r a d i e n t so that the m e t a l ions can be removed from the 
w a t e r or s e d i m e n t and at last u p t a k e n and further 
c o n c e n t r a t e d in the c e l l s . E x a m p l e s such as a n a e r o b i c 
m i c r o b i a l d i s s o l u t i o n of t r a n s i t i o n and h e a v y m e t a l 
o x i d e s of a n i t r o g e n fixing Clostridium species (A. J’ 
F r a n c i s , et al, , 1988) or copper binding of an oxidase — 
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p o s i t i v e rod (G. G . G e e s e y , et al., 1 9 8 5 ) can e a s i l y be 
found e l s e w h e r e , T h i s b i o a c c u n m l a t i o n p r o c e s s can be m a d e 
u s e of to r e d u c e the u n d e s i r a b l e m e t a l ions in p o l l u t e d 
w a t e r to an a c c e p t a b l e l e v e l . 
A s to a p p r o a c h the p u r p o s e of m a k i n g use of 
m i c r o o r g a n i s m s e f f e c t i v e l y to r e m o v e c a d m i u m from 
p o l l u t e d w a t e r , a s t r a i n being c a p a b l e of a c c u m u l a t i n g 
l a r g e a m o u n t of c a d m i u m is e s s e n t i a l , and this m a y imply 
the n e e d of s c r e e n i n g for a c a d m i u m a c c u m u l a t i n g s t r a i n . 
The m o s t p o s s i b l e w a y of o b t a i n i n g such a c a n d i d a t e is 
to s c r e e n for the s t r a i n of i n t e r e s t a m o n g v a r i u o s 
p o p u l a t i o n s of m i c r o o r g a n i s m s s u r v i v i n g in i n d u s t r i a l l y 
p o l l u t e d h a b i t a t s , e s p e c i a l l y t h o s e p o l l u t e d by b a t t e r y 
p r o d u c t i o n , c a n n i n g or e l e c t r o p l a t i n g i n d u s t r i e s , w h i c h 
m a y u s u a l l y be a c c o m p a n i e d w i t h c a d m i u m and o t h e r h e a v y 
m e t a l c o n t a m i n a t i o n s ( M i c r o b i a l Metabolism of Heavy 
Metals)• 
In o u r w o r k s , some of the s a m p l e s w e r e c o l l e c t e d 
from e i t h e r i n d u s t r i a l l y or d o m e s t i c a l l y p o l l u t e d a r e a s 
for s c r e e n i n g . O n e of the m o s t c o n v e n i e n t and p o w e r f u l 
m e t h o d s of s c r e e n i n g is by the a p p l i c a t i o n of a s u i t a b l e 
c o l o u r i n g r e a g e n t to p l a t e m e d i u m s u p p l e m e n t e d w i t h the 
h e a v y m e t a l so that c a d m i u m a c c u m u l a t i n g c o l o n i e s can be 
d i s t i n g u i s h e d from the o t h e r s by their intense c o l o u r . 
H o w e v e r , m o s t forms of c a d m i u m c o m p o u n d s are colourless； 
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the c o l o u r s of o t h e r s are e i t h e r too w e a k or n o n - s p e c i f i c 
that can e a s i l y be i n t e r f e r e d by other m e t a l l i c ions (Dr. 
M a r i e F a r n s w o r t h , 1 9 8 0 ) . 
A s a r e s u l t , a s e l e c t i o n — p l u s — s c r e e n i n g p r o c e d u r e 
was e m p l o y e d . It was b a s e d on the w e l l d o c u m e n t e d 
i n f o r m a t i o n t h a t the c a d m i u m r e s i s t a n c e of m a n y 
m i c r o o r g a n i s m s w e r e g e n e r a l l y a c h i e v e d in e i t h e r of the 
f o l l o w i n g w a y s ; the e f f l u x and reduced u p t a k e of the i o n , 
the s y n t h e s i s of a C d — b i n d i n g p r o t e i n (M. B . K h a z a e l i and 
R， S . M i t r a , 1981)， the d e t o x i f i c a t i o n of Cd^^ i^to non-
toxic or at l e a s t less toxic forms (Harry A i k i n g , et al., 
1 9 8 2 ) , o r , some o t h e r u n c l a r i f i e d m e c h a n i s m s (T. J . 
Foster， 1983)， e i t h e r p l a s m i d encoded (Tynecka et al,) or 
c h r o m o s o m a l l y e n c o d e d (Hillel S . L e v i n s o n , et al•， 1 9 8 6 ) , 
This m e t h o d e x p e l l e d those strains of low c a d m i u m 
r e s i s t a n c e and t h o s e w i t h c a d m i u m r e s i s t a n c e a c h i e v e d in 
the first w a y , w h i c h w e r e b o t h beyond o u r p u r p o s e s . 
A l a r g e n u m b e r of c a d m i u m r e s i s t a n t s t r a i n s w e r e 
s e l e c t e d and i s o l a t e d from Tai Po I n d u s t r i a l E s t a t e , 
Shing Hon R i v e r , and some o t h e r h a b i t a t s in H o n g K o n g . 
The c a d m i u m r e s i s t a n c e s of some strains w e r e found to 
exceed 200 p p m . T h e s e isolates included b o t h b a c t e r i a and 
f u n g i . 
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A m o n g t h e m , a m i l k y c o l o n y of s h o r t rod b a c t e r i a l 
s t r a i n , n a m e l y the S t r a i n lOOOA a c c o r d i n g to its s e r i a l 
n u m b e r of t e s t , w a s found to p o s s e s s m u c h h i g h e r c a d m i u m 
a c c u m u l a t i o n a b i l i t y than o t h e r s . T h i s s e c t i o n d e s c r i b e s 
such a s e a r c h i n g p r o c e s s . 
2•2 M a t e r i a l s a n d M e t h o d s : 
2.2-1 R e c i p e s U s e d for G r o w i n g V a r i o u s O r g a n i s m s : 
A . M e d i a for A l g a : 
M C M e d i u m (MCM): NH4NO3 0.3 g/1 
MgS04 0.3 g/1 
KH2PO4 0.1 g/1 
K2HPO4 0.1 g/1 
T r a c e E l e m e n t (Stock)氺 lO.O m l / l 
A f t e r b e i n g a u t o c l a v e d at 121。C for 30 m i n . , 5ml 10% 
s o d i u m c i t r a t e is a d d e d a s e p t i c a l l y to 1 l i t r e of 
m e d i u m . pH is f i n a l l y a d j u s t e d a s e p t i c a l l y to 6.8 , 
* T r a c e E l e m e n t S t o c k : 
E D T A - N a 540,00 m g / 1 
FeCl3.6H20 500.00 m g / 1 
CaCl2.2H20 26.55 m g / 1 
C0CI2. 6H2O 0.02 m g / 1 
ZnS04. 7H2O 0.04 m g / 1 
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MnCl2.4H20 0.30 m g / 1 
CUSO4.5H2O 0.01 m g / 1 
Na2Mo04. 2H2O 0.06 mg/1 
S t o r e d at 4°C 
S u l p h u r M e d i u m (SM) : s u l p h u r 0.200 % 
MgS04 0.050 % 
KH2PO4 0.400 % 
FeS04 0.001 % 
CaCl2 0.025 % 
A u t o c l a v e d at 121。C for 30 m i n . 
PH 4.0 
B . M e d i u m for M o l d s and A c t i n o m y c e t e s : 
C z a p e k ' s M e d i u m (CM), Thorn's M o d i f i c a t i o n : 
S u c r o s e ( S - 9 3 7 8 , S i g m a ) 3.00 % 
S o d i u m n i t r a t e 0.30 % 
d i - p o t a s s i u m h y d r o g e n o r t h o s p h a t e 0.10 % 
P o t a s s i u m c h l o r i d e 0.05 % 
M a g n e s i u m sulphate 0.05 % 
F e r r o u s sulphate 0.01 % 
A u t o c l a v e d at 121。C for 30 m i n u t e s 
P H 5 . 5 
C . M e d i u m for Y e a s t and B a c t e r i a : 
Y e a s t G r o w t h M e d i u m {YGM): 
Y e a s t E x t r a c t ( A u t o l y s e d , Y-4000， S i g m a ) 0.700 % 
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P e p t o n e from c a s e i n C/HSH (HCl total h y d r o l y s a t e 
c o n t a i n i n g s a l t , SERVA， F e i n b i o c h e m i c a ) 0’700 % 
KH2PO4 0.100 % 
MgS04.6H20 0.095 % 
A u t o c l a v e d at 121。C for 30 m i n u t e s 
G l u c o s e (Sigma), a u t o c l a v e d s e p a r a t e l y 5,0 % 
P H 7 . 0 
For agar p l a t e s , 2% (final c o n c e n t r a t i o n ) Bacto-
a g a r (fine g r a n u l a r f o r m , Difco L a b o r a t o r i e s , 
M i c h i g a n ) is a d d e d . CdSO* w a s added a s e p t i c a l l y to 
the v a r i u o s agar m e d i a w h e n the latters were cooled 
to a r o u n d 4 5 - 5 ( r c a f t e r s t e r i l i z a t i o n . 
D . P r e p a r a t i o n of S o l u t i o n : 
CdS04.8/3H20 (Lot 5028) is p u r c h a s e d from Riedel-
de H a e n . 10,000 ppm stock s o l u t i o n is p r e p a r e d w i t h 
d o u b l e d i s t i l l e d w a t e r , w e i g h e d and a u t o c l a v e d at 
121。C for 20 m i n . , then w e i g h t r e a d j u s t e d a s e p t i c a l l y 
w i t h d o u b l e d i s t i l l e d w a t e r . 
2-2.2 M e t h o d s Used for C o l l e c t i n g O r g a n i s m s to be Tested: 
W a t e r s a m p l e s , s e d i m e n t samples and soil samples 
were c o l l e c t e d from Lam Cheun R i v e r , Tai Po I n d u s t r i a l 
E s t a t e , Shing Mon R i v e r , d r a i n a g e s , soils and w a s t e s in 
Shatin New Town and C h i n e s e U n i v e r s i t y in early A u g u s t . 
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For w a t e r s a m p l e s , each 10 ml sample w a s c o l l e c t e d 
s e p a r a t e l y in a u t o c l a v e d s t o p p e r e d 20 ml 
p o l y v i n y l c h l o r i d e b o t t l e s . The t e m p e r a t u r e of the day of 
sampling w a s around 27。C. 
2.2.3 O b s e r v a t i o n of S a m p l e s by M i c r o s c o p e : 
The m o r p h o l o g y of the s a m p l e s c o l l e c t e d were 
o b s e r v e d to p r o v i d e i n f o r m a t i o n such as shape and 
s t r u c t u r e of m y c e l i a or s p o r a n g i a for the c l a s s i f i c a t i o n 
of t h e m . O n a g l a s s slide a d r o p of w a t e r sample was 
added and c o v e r e d with a c o v e r g l a s s . For solid s a m p l e s , 
a few small sample p a r t i c l e s were m i x e d w i t h a d r o p of 
isotonic saline then c o v e r e d w i t h a c o v e r g l a s s . 
M i c r o o r g a n i s m s w e r e o b s e r v e d w i t h a N i c k o n B i o p h o t Light 
M i c r o s c o p e . 
2.2.4 E n r i c h m e n t of C a d m i u m R e s i s t a n t M i c r o o r g a n i s m s : 
E a c h w e l l shaken fresh w a t e r sample w e r e added 
s e p a r a t e l y to a s t o p p e r e d E r l e n m e y e r flasks c o n t a i n i n g 
a u t o c l a v e d M C M e d i u m , S u l p h u r M e d i u m , C z a p e k ' s M e d i u m 
or Y e a s t G r o w t h M e d i u m . For solid s a m p l e s , one s p e c t u l a 
( a p p r o x i m a t e l y 10 m g ) of p a r t i c l e s was used for each 
i n o c u l u m . (Different b r o t h m e d i a were used so that 
d i f f e r e n t c l a s s e s of m i c r o o r g a n i s m s could be e n r i c h e d 
s e l e c t i v e l y , e s p e c i a l l y for algae and m o l d s w h i c h would 
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u s u a l l y be d o m i n a t e d by b a c t e r i a or y e a s t of m u c h s h o r t e r 
d o u b l i n g t i m e of g r o w t h at pH 7 or a b o v e . ) T h e n c a d m i u m 
s o l u t i o n w a s a d d e d to e a c h c u l t u r e a s e p t i c a l l y to a final 
c o n c e n t r a t i o n of 10 p p m to p r o v i d e a p r i m a r y s e l e c t i o n 
p r e s s u r e for c a d m i u m r e s i s t a n t m i c r o o r g a n i s m s . 
T h e i n o c u l a t e d c u l t u r e s w e r e i n c u b a t e d at 30。0 w i t h 
a g i t a t i o n in a g y r o t o r y w a t e r b a t h s h a k e r (New B r u n s w i c k 
S c i e n t i f i c C o . ) . D i f f e r e n t l e n g t h s of i n c u b a t i o n time 
w e r e r e q u i r e d for d i f f e r e n t s p e c i e s (H. B a b i c h , et al ” 
1 9 7 6 ) . F o r b a c t e r i a and y e a s t , one d a y w a s s u f f i c i e n t for 
e n r i c h m e n t w h i l s t for m o l d s and a l g a e , f o u r to s e v e n d a y s 
w e r e r e q u i r e d . 
2.2.5 S e l e c t i o n and I s o l a t i o n of C a d m i u m R e s i s t a n t 
M i c r o o r g a n i s m s : 
E a c h d i l u t e d f r e s h s a m p l e of m i c r o o r g a n i s m s w a s 
s t r e a k e d w i t h a s t e r i l e l o o p on a p p r o p r i a t e a g a r p l a t e 
m e d i u m s u p p l e m e n t e d w i t h v a r i o u s c a d m i u m c o n c e n t r a t i o n . 
T h e p l a t e s w e r e t h e n i n c u b a t e d at 30 in an i n c u b a t o r 
( H a r a e u s ) for 1 to 12 d a y s u n t i l s e p a r a t e c o l o n i e s w e r e 
o b s e r v e d . F o r b a c t e r i a , 1 to 4 d a y s w e r e e n o u g h ; for 
C a n d i d a , y e a s t and m o l d s , 2 to 5 d a y s w e r e s u i t a b l e ; for 
a l g a e , 5 to 12 d a y s w e r e r e q u i r e d . 
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2.2.6 P u r i f i c a t i o n of M i c r o b i a l C o l o n i e s : 
C o l o n i e s s u r v i v e d on a g a r p l a t e s of the h i g h e s t 
c a d m i u m c o n c e n t r a t i o n w e r e p i c k e d and r e - s t r e a k e d on 
a n o t h e r p l a t e s of the a p p r o p r i a t e a g a r m e d i u m c o n t a i n i n g 
the same c o n c e n t r a t i o n of c a d m i u m . I n c u b a t i o n c o n d i t i o n s 
w e r e as f o l l o w i n g : for b a c t e r i a , y e a s t and C a n d i d a , 2 to 
5 d a y s at 32。C; for m o l d s , 4 to 7 d a y s at 32 for 
algae， 5 to 12 d a y s at 26。C u n d e r f l u o r e s c e n c e . 
T h i s p u r i f i c a t i o n p r o c e d u r e w a s r e p e a t e d for 3 
r o u n d s to e n s u r e p u r e c u l t u r e s w e r e o b t a i n e d . 
2.2.7 P r e l i m i n a r y C l a s s i f i c a t i o n of S e l e c t e d M i c r o o r g a n i s m s : 
S t r a i n s w e r e p r i m a r i l y c l a s s i f i e d w i t h r e s p e c t to 
t h e i r d i f f e r e n t c o l o n i a l m o r p h o l o g i e s on a g a r m e d i u m , 
u n i c e l l u l a r or m u l t i c e l l u l a r m o r p h o r l o g i e s in s u s p e n s i o n 
and t h e i r w a y s of r e p r o d u c t i o n s u c h as b i n a r y f u s i o n , 
c o n i d i u m f o r m a t i o n or s p o r a n g i u m f o r m a t i o n . 
2.2.8 S c r e e n i n g of C a d m i u m A c c u m u l a t i n g S t r a i n s : 
A s m a l l i n o c u l u m w a s p i c k e d from a c o l o n y to a 
c o n i c a l f l a s k c o n t a i n i n g 40 ml c o r r e s p o n d i n g m e d i u m {eg. 
Y G M for b a c t e r i a and y e a s t ， CM for m o l d s ) s u p p l e m e n t e d 
w i t h 60 p p m Cd • A p p r o p r i a t e b r o t h m e d i a w e r e u s e d for 
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d i f f e r e n t c a t e g o r i e s of m i c r o o r g a n i s m s . B o t h b a c t e r i a l 
and fungal c u l t u r e s were i n c u b a t e d at 32。C w i t h a g i t a t i o n 
in a g y r o t o r y w a t e r bath s h a k e r . C e l l s w e r e then 
h a r v e s t e d for c a d m i u m a n a l y s i s to screen for isolates of 
h i g h c a d m i u m c o n t e n t . A l g a l c o l o n i e s w e r e not grown for 
c a d m i u m a s s a y due to t h e i r low cadmium r e s i s t a n c e and 
m u c h l o n g e r d o u b l i n g time of g r o w t h . 
2*2.9 C a d m i u m A n a l y s i s : 
C a d m i u m c o n t e n t in cells was d e t e r m i n e d with the 
m e t h o d d e s c r i b e d p r e v i o u s l y by H a r r y A i k i n g , * et al• 
(1982), The c u l t u r e was t r a n s f e r r e d to a stoppered 
p o l y p r o p y l e n e tube and c e n t r i f u g e d at 3000 r . p . m . and 5。C 
for 30 m i n . The s u p e r n a t a n t was removed and the cell 
p e l l e t was added with 5 ml isotonic saline and v o r t e x e d . 
The s u s p e n s i o n w a s c e n t r i f u g e d a g a i n . The wash was 
removed and the final p e l l e t was frozen w i t h liquid 
n i t r o g e n and l y o p h i l i z e d o v e r n i g h t in a l y o p h i l i z e r (No. 
l O - M R - S T , The V i r t i s C o m p a n y , N . Y . ) . D u p l i c a t e samples 
of about 3 to 6 mg of the f r e e z e - d r i e d p e l l e t were used 
for c a d m i u m a n a l y s i s . Each sample w a s d i g e s t e d in 
c o n c e n t r a t e d H C l (A.R. G r a d e ) for 40 m i n . at 95°C, 
followed by cooling and a p p r o p r i a t e d i l u t i o n with double 
d i s t i l l e d w a t e r . The cadmium c o n c e n t r a t i o n s in the 
d i l u t e d sample s o l u t i o n s were m e a s u r e d by m e a n s of flame 
atomic a b s o r p t i o n s p e c t r o p h o t o m e t r y w i t h a Varian M o d e l 
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S p e c t r A A - 1 0 S p e c t r o p h o t o m e t e r (Varian T e c h t r o n P t y . L t d . , 
Australia) against a series of diluted cadmium atomic 
a b s o r p t i o n s t a n d a r d s o l u t i o n s (C-5524, p r e p a r e d as Cd in 
lo/o H N 0 3 ; S i g m a C h e m i c a l C o . , U . S . A . ) . The d i l u t i o n of 
standard s o l u t i o n was p e r f o r m e d by adding 0,10 M H C l in 
d o u b l e d i s t i l l e d w a t e r to the r e q u i r e d v o l u m e . A l l 
r e a g e n t s used w e r e of A . R . grade and c o n t a i n e d 
insignificant amount of cadmium. Acetylene was used as 
the fuel w i t h air as the s u p p o r t . 
2 • 3 Result: 
2.3.1 Selection of Cadmium Resistant Microorganisms: 
12 catagories of microorganisms which possessed a 
c a d m i u m r e s i s t a n c e of 10 to 400 ppm w e r e o b t a i n e d . T h e y 
included two sorts of g r e e n a l g a e , both s p h e r i c a l l y 
u n i c e l l u l a r , and a large n u m b e r of b a c t e r i a l i s o l a t e s . 
Those b a c t e r i a grew r a p i d l y on YGM to form m i l k y , m i l k y 
y e l l o w or yellow c o l o n i e s . Most of them were 
m i c r o s c o p i c a l l y o b s e r v e d to be m o t i l e . A l l of them were 
short r o d s . 
B e s i d e s algal and b a c t e r i a l s t r a i n s , a n u m b e r of 
fungal c a d m i u m r e s i s t a n t isolates were also o b t a i n e d . 
They included C a n d i d a , S a c c h a r o m y c e t e , P e n i c i l l i u m and 
other kinds of m o l d s . The c o l o n i a l s i z e s , the s h a p e s , 
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Table 2-1: C a d m i u m R e s i s t a n t M i c r o o r g a n i s m s S e l e c t e d 
C a t e g o r y M o r p h o l o g y H a b i t a t G r o w t h on A g a r 
MCM CM SM YGM 
1. A l g a e g r e e n , s m o o t h , l a b . stock 
s p h e r i c a l l y of D r . W . W . + ND ± ND 
u n i c e l l u l a r , T s o , B i o c h e m , 
c o l . d . 1mm D e p t . , C U H K 
2， A l g a e g r e e n , s l i g h t l y d r a i n a g e 
h a i r l y , d r y , in CUHK + ND 土 ND 
spher• u n i • , 
c o l , d . 0.5mm 
3, B a c t e r i a m i l k y y e l l o w , Lam C h e u n 
s l i m m y , r o d , I^iver， T a i ± ± — + 
c o l . d . 0 . 5 - 3 m m Po， N . T . 
4. B a c t e r i a m i l k y , s l i m m y , d r a i n a g e in 
short r o d , Tai Po ± ± — + 
c o l . d . 0. 5-2miii I n d u s t r i a l 
Estate 
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5. Asp, niger snow w h i t e , d r y , l a b . stock 
w r i n k l e d col •， of C h e m . E n g . ± + - + 
c o l , d . 3 - 3 0 m m D e p t . , H C U , 
s p o r e s : b l a c k C h i n a 
6. P e n i c i l l i u m w h i t e m o l d y d r y , soil 
c o l . d . 3 - l O m m , + + + + 
y e l l o w s p o r e s 
7. P e n i c i l l i u m w h i t e m o l d y d r y , d r a i n a g e 
c o l . d . 3 - 2 0 m m , in C U H K + + + + 
y e l l o w i s h g r e e n 
s p o r e s 
8 . Sac, cer, m i l k y , s l i g h t l y l a b . s t o c k 
s l i m m y , of D r . W . W . - ± - + 
c o l . d . 0 . 5-2inm T s o , C U H K 
9. A c t i n o - r a d i a l m y c e l i a , Lam C h e u n 
mycete(？) s p r e a d i n g , g r e y , R i v e r , T a i + + + + 
f u l l y b r a n c h e d Po 
10. M o l d t i g h t m y c e l i a , w a s t e 
s p h e r i c a l l y ± + - + 
e m b o r s e d s l i g h t l y 
h a i r l y w h i t e 
c o l o n y 
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I L M o l d t i g h t , h a i r l y , soil 
w h i t e c o l , on CM， ± + — + 
g r e e n i s h y e l l o w 
on Y G M , y e l l o w 
p i g m e n t s p r e a d s 
t h r o u g h a g a r 
12• Candida w h i t e w r i n k l e d l a b . s t o c k 
herkhout c o l o n i e s of C h e m . E n g , 一 土 一 + 
D e p t . , H C U 
E x c e p t c a t e g o r i e s 1 , 5 , 8 and 1 2 , all o t h e r i s o l a t e s w e r e 
c l a s s f i e d a c c o r d i n g to t h e i r m o r p h o l o g y . 
A b b r e v i a t i o n s u s e d : 
M C M : M i n i m a l C u l t u r e M e d i u m c o l . d . : c o l o n i a l d i a m e t e r 
CM : Czapek，s M e d i u m + : n o r m a l g r o w t h 
SM : S u l p h u r M e d i u m ± : slow/retar^ded g r o w t h 
Y G M : e a s t G r o w t h M e d i u m - : no g r o w t h 
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the c o l o u r s of the surface and bottom of the c o l o n i e s as 
well as the i n t e n s i t y of sporangium and conidiura 
formation of those molds appeared d i f f e r e n t l y on 
d i f f e r e n t m e d i a . 
A general d e s c r i p t i o n of those p r i m a r i l y 
c a t a g o r i z e d c a d m i u m resistant isolates w e r e s u m m a r i z e d in 
Table 2 - 1 . 
2.3.2 C a d m i u m R e s i s t a n c e of Isolates: 
The degree of r e s i s t a n c e to cadmium in each 
o r g a n i s m was e s t i m a t e d by determining、 the h i g h e s t 
cadmium c o n c e n t r a t i o n ‘ the p a r t i c u l a r o r g a n i s m could 
s u r v i v e . The r e s u l t s were listed in Table 2 - 2 . Since too 
many strains w e r e to be t e s t e d , d e t e r m i n a t i o n of the 
h i g h e s t s u r v i v a l c o n c e n t r a t i o n to its h i g h e s t p r e c i s i o n 
was not a t t e m p t e d . The results p r o v i d e d a range of 
c o n c e n t r a t i o n in m o d e r a t e accuracy sufficient for 
r e a s o n a b l e c o m p a r i s o n amomg the species to be t e s t e d . 
A c c o r d i n g to the e x p e r i m e n t a l r e s u l t , the selected algae 
and S a c c h a r o m y c e t e were found to be the least r e s i s t a n t 
to c a d m i u m . Following were the Candida and the c a t a g o r y 
resembling the m o r p h o l o g y of a c t i n o m y c e t e . Some m o l d s 
and b a c t e r i a l strains showed the highest c a d m i u m 
r e s i s t a n c e , targetting 200 to 400 p p m , several folds 
greater than the highest c o n c e n t r a t i o n that most c a d m i u m 
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T a b l e 2-2: S u r v i v a l of I s o l a t e s on C d - S u p p l e m e n t e d M e d i u m 
e a t e r y L 迎 
20 50 100 200 400 
1• A l g a e + _ 
一 一 一 一 一 
2 . A l g a e + 一 _ _ 
3. B a c t e r i a + . . 
十 + + + 土 
4 . B a c t e r i a + . . 
十 + + + 土 
5. Asp, niger + + + + + 
6 . P e n i c i l l i u m + + + + — 
7. P e n i c i l l i u m + + + + + 
S. Ssic, cer • + 一 
擊 一 一 一 一 
A c t i n o m y c e t e (?) + + + 一 
_ 一 一 一 
10. M o l d s . . ^ 
十 + + + 土 — 
11. M o l d s . . ^ 
+ + 土 土 
12. Candida berkhout + + + 一 _ 
I s o l a t e s w e r e i n c u b a t e d on C d - s u p p l e m e n t e d p l a t e m e d i u m . The 
r e s i s t a n c e of t h e m w e r e d e t e r m i n e d by the h i g h e s t [Cd+勺 
a p p l i e d to the m e d i u m on w h i c h t h e y s u r v i v e d . 
+ 冰 ： s u b s t a n t i a l / n o r m a l g r o w t h ; ± : s l o w / r e t a r d e d g r o w t h ; 
一 : n o g r o w t h 
木Different i n d i v i d u a l s of s i m i l a r m o r p h o l o g y e x h i b i t e d 
g e n e r a l s i m i l a r i t y . In this c a s e , a +, - or ± shows 
the g e n e r a l c a d m i u m r e s i s t n c e of the c a t e g o r y t e s t e d 
as a w h o l e . In l a t t e r e x p e r i m e n t s , i n d i v i d u a l s w e r e 
s i n g l e d out and t e s t e d . 
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r e s i s t a n t strains d e s c r i b e d p r e v i o u s l y could t o l e r a t e . 
S u r p r i s i n g l y , n e i t h e r E, coli like long rods nor coci 
nor spirals were o b t a i n e d a l t h o u g h they were found in 
the raw samples c o l l e c t e d . I n s t e a d , all the c a d m i u m 
t o l e r a n t b a c t e r i a l strains s e l e c t e d w e r e short rods 
a l t h o u g h they gave d i f f e r e n t c o l o u r s of c o l o n i e s . 
N e v e r t h e l e s s , the i n g r e d i e n t s , the pH and the c u l t u r i n g 
c o n d i t i o n of isolates of d i f f e r e n t c a t a g o r i e s m i g h t 
affect the g r o w t h or even the survival of them on 
c a d m i u m c o n t a m i n a t e d m e d i u m . 
2.3.3 Screening of C a d m i u m A c c u m u l a t i n g M i c r o o r g a n i s m s : 
A f t e r screening m o r e than four h u n d r e d s strains 
among the above 12 c a t e g o r i e s s , a r o d - s h a p e d b a c t e r i a l 
strain in the 4th c a t e g o r y d e s c r i b e d a b o v e , n a m e l y , the 
S t r a i n lOOOA according to its serial n u m b e r of t e s t , was 
found to p o s s e s s a c o m p a r a t i v e l y much h i g h e r cadmium-
u p t a k e a b i l i t y than that of the other c a d m i u m resistant 
strains s e l e c t e d . The cadmium content of the strain 
h a r v e s t e d from the c a d m i u m s u p p l e m e n t e d culture in the 
screening p r o c e s s was found to be 1.42% of its cell dry 
w e i g h t . The M e a n 土 S . D . value of the cadmium content of 
236 strains in the 4th c a t e g o r y w a s 0.181 ± 0.048% dry 
w e i g h t , B e s i d e s , the Mean 土 S . D . value of c e l l u l a r 
cadmium content of 144 strains in C a t e g o r y 3 was 0.129 ± 
0. 0 3 2 % , w i t h i n which the h i g h e s t was 0 . 3 5 % . The m e a n 
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cadmium content values of C a t e g o r i e s 5, 7 and 11 were 
0.32%， 0.11% and 0,28% r e s p e c t i v e l y (Fig. 2 - 1 ) . 
2•4 D i s c u s s i o n : 
In our w o r k s , some of the samples w e r e collected in 
A u g u s t from either i n d u s t r i a l l y or d o m e s t i c a l l y p o l l u t e d 
areas for s c r e e n i n g . A large amount of cadmium resistant 
strains were s e l e c t e d . This indicates that sampling at 
the areas in that season was a c c e p t a b l e a l t h o u g h , 
a c c o r d i n g to a g e o g r a p h i c a l report of CUHK (Kin-che L a m , 
1980)， late w i n t e r might be b e t t e r , for p o l l u t i o n might 
be more serious in w i n t e r s of m i n i m u m rainfall and stream 
flow for the d i l u t i o n of p o l l u t a n t s . Even at our time of 
s a m p l i n g , the c a d m i u m c o n t e n t in samples from Tai Po 
Industrial Estate and Shing Mon River were still about a 
double of the m a x i m u m value at 0.024 ppm reported by L a m . 
The m a x i m u m r e s i s t a n c e s of some strains w e r e h i g h e r than 
most of those reported (H. Babick and G . S t o t z k y , 1977 ). 
In the c o m p a r i s o n of the m e a n cadmium uptake 
values of v a r i o u s b a c t e r i a l and fungal c a t e g o r i e s , molds 
show h i g h e r cadmium content than the o t h e r s . It can only 
reflect that growing in the m e d i u m of c h o i c e , but not 
a l w a y s , molds could generally take up more cadmium than 
the others d i d , because the categories were tested in 
d i f f e r e n t types of m e d i a . In fact, in the e n r i c h m e n t and 
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F i g . 2 - 1 . C d - u p t a k e of D i f f e r e n t C a t e g o r i e s of I s o l a t e s : 
The m o s t C d - a c c u m u l a t i n g t h r e e s t r a i n s l O O O A , 1008A and 811A 
w e r e all in C a t e g o r y 4 of t o t a l l y 236 s t r a i n s and c o n t a i n e d 
1.42±0.08, 0.88±0.04 and 0 . 6 4 1 0 • 0 3 % of c a d m i u m (i.e. mg 
C d / m g d r y c e l l x 1 0 0 % ) r e s p e c t i v e l y . On the o t h e r h a n d , the 
m a x i m u m v a l u e s in C a t e g o r i e s 3， 5, 7 and 11 w e r e 0.35， 0 . 3 2 , 
0.21 and 0,32 r e s p e c t i v e l y . C e l l s w e r e f r e e z e d w i t h liquid 
N2 and d r i e d by l y o p h i l i z a t i o n for d e t e r m i n a t i o n of c a d m i u m 
c o n t e n t t h r o u g h flame A A S . 
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s e l e c t i o n p r o c e s s e s , d i f f e r e n t m e d i a and c u l t u r i n g 
c o n d i t i o n s were n e c e s s a r y b e c a u s e d i f f e r e n t 
m i c r o o r g a n i s m s p o s s e s s d i f f e r e n t scales of d o u b l i n g time 
of g r o w t h , and m i g h t n e e d d i f f e r e n t s u b s t r a t e s , p H � 
t e m p e r a t u r e s and other growing factors for d e v e l o p m e n t . 
These factors m i g h t m o r e or less influence the c a d m i u m 
u p t a k e of s t r a i n s . 
The w o r k load on s c r e e n i n g a c a d m i u m a c c u m u l a t i n g 
strain w i t h o u t the aid of an e f f i c i e n t c o l o u r i n g 
i n d i c a t o r has been p a r t i a l l y reduced by the s e l e c t i o n -
p l u s - s c r e e n i n g m e t h o d (as d e s c r i b e d in 2 . 1 ) , Y e t , it was 
still r a t h e r l a b o r i o u s since d i r e c t c a d m i u m a s s a y on 
s e l e c t e d c a n d i d a t e s one by one was still r e q u i r e d . 
Lacking a c o n v e n i e n t s c r e e n i n g m e t h o d not o n l y m e a n s a 
w a s t e of time and l a b o u r but m a y also cause the 
m a i n t e n a n c e of the clone m o r e d i f f i c u l t . 
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C H A P T E R THREE 
GENERAL C H A R A C T E R I Z A T I O N OF STRAIN lOOOA 
3•1 I n t r o d u c t i o n : 
3.1.1 V a r i o u s F a c t o r s A f f e c t i n g the A c c u m u l a t i o n of C a d m i u m of 
Strain lOOOA: 
The rod shape b a c t e r i u m Strain lOOOA isolated from 
Tai Po I n d u s t r i a l Estate was found to a c c u m u l a t e more 
cadmium than other selected isolates d i d . H o w e v e r , little 
about other p h y s i o l o g i c a l or b i o c h e m i c a l c h a r a c t e r i s t i c s 
of it has come a c r o s s . B e f o r e it could be accepted as a 
suitable c a n d i d a t e for the p r a c t i c a l use in the removal 
of cadmium from waste w a t e r , m o r e information about the 
nature of this strain and the influencing factors as well 
as the o p t i m u m c o n d i t i o n s for its cadmium uptake capacity 
had to be figured o u t . In this c h a p t e r , the a d a p t a t i o n 
a b i l i t y and the cadmium uptake c a p a c i t y of this strain at 
various cadmium levels were d e t e r m i n e d . It was found to 
require a shorter lag time than that of a less resistance 
control strain to regenerate rapid g r o w t h . 
Since the cadmium content of m i c r o o r g a n i s m s was 
u s u a l l y d e p e n d e n t on growth conditions (H. A i k i n g , et 
a L , 1982)， a chemostatic and biostatic c o n d i t i o n was 
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expected for the d e t e r m i n a t i o n of cadmium uptake c a p a c i t y 
at a steady state of g r o w t h . A chemostatic and biostatic 
condition implies that within the period of e x p e r i m e n t , 
the cell d e n s i t y , the p H , the overall stage of g r o w t h of 
the p o p u l a t i o n , the c o n c e n t r a t i o n s of s u b s t r a t e s , 
m e t a b o l i t e s and other substances can be m a i n t a i n e d at 
constant v a l u e s . C o n t i n u o u s culturing was employed in our 
work for such d e t e r m i n a t i o n since it has the a d v a n t a g e 
that the substrate as well as the free metal ion 
c o n c e n t r a t i o n s in the culture vessel can be u n a f f e c t e d by 
the absorption to the glass wall or by the increasing 
d e n s i t y of cadmium binding cells, as in batch c u l t u r e s 
because in a steady continuous culture, wall a b s o r p t i o n 
is saturated and the cell concentration can be 
m a i n t a i n e d . 
B e s i d e s , some other p h y s i o l o g i c a l p r o p e r t i e s 
including the antibiotic resistance were also d e t e r m i n e d . 
Its resistance to c h l o r a m p h e n i c o l was characterized and 
was supposed to be u n r e l a t e d to its cadmium uptake and 
r e s i s t a n c e . 
3.1.2 Identification: 
A series of tests including Gram staining and 
assimulation tests were performed to provide p r i m a r y 
information for the selection among identification kits 
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for the family of strains to which the strain lOOOA 
b e l o n g e d . Detail is present in the result of this 
c h a p t e r . 
3•2 M a t e r i a l s and M e t h o d s : 
3,2.1 P r e p a r a t i o n of S o l u t i o n s , A n t i b i o t i c s and Reagents: 
Cadmium Sulphate Stock Solution was p r e p a r e d as in 
2 . 2 .1 .D 
Phosphate Stock Solution was prepared by dissolving 
d i - S o d i u m hydrogen p h o s p h a t e - 1 2 - h y d r a t e (A.G., R i e d e l - d e 
H a e n , S e e l z e - H a n n o v e r ) in distilled w a t e r , weighed and 
a u t o c l a v e d , then w e i g h t readjusted a s e p t i c a l l y to give a 
final c o n c e n t r a t i o n of 100 mM w i t h distilled w a t e r . 
S u s c e p t i b i l i t y discs of various types of 
antibiotics supplied by Oxoid L t d . (Basingstoke, 
H a m p s h i r e , E n g l a n d ) were used for in vitro diagnostic 
p u r p o s e s . They included aropicillin (25 u g / d i s c , X 1 0 9 8 B ) , 
celoperazone <75 u g / d i s c , X 1 9 4 1 ) , tetracycline (10 
u g / d i s c , X 8 1 9 A ) , g e n t a m y c i n (10 u g / d i s c , X 7 9 1 A ) , 
c h l o r a m p h e n i c o l (10 u g / d i s c , X 8 1 0 A ) , tobramycin (10 
u g / d i s c , X 8 2 1 A ) , sulphonamide DDll (X120) and 
s u l p h a m e t h o x a z o l e / t r i m e t h o p r i m (25 u g / d i s c , X 8 0 2 A ) . 
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C h l o r a m p h e n i c o l Stock Solution was p r e p a r e d by 
d i s s o l v i n g 200 rag of dry c h l o r a m p h e n i c o l p o w d e r (R.T., 
L o t . C 0 3 7 8 , S i g m a ) in 14 ml absolute ethanol (Weiss et 
a L , 1957 ) then 6 ml distilled water was a d d e d . The 
solution was then m i x e d , filtered with a syringe— 
m o u n t a b l e p l a s t i c m i l l i p a k filter holder unit loaded w i t h 
m i l l i p o r e f i l t e r , aliquoted and stored a s e p t i c a l l y at 
一 2 0 。 C , W h e n a p p l i e d as an b a c t e r i o s t a t i c to b a c t e r i a l 
c u l t u r e , a final c o n c e n t r a t i o n of 10 ul/ml is g e n e r a l l y 
enough (T. M a n i a t i s , et al. , M o l e c u l a r C l o n i n g , p . 7 1 ) . 
Gram Stain was p r e p a r e d as follows: 
a . Gram,s c r y s t a l v i o l e t , H u c k e r ' s m o d i f i c a t i o n : 
S o l u t i o n A: 
c r y s t a l v i o l e t (90% dye c o n t e n t ) 2,0 g 
ethyl a l c o h o l 20.0 ml 
S o l u t i o n B: 
a m m o n i u m oxalate 0,8 g 
d i s t i l l e d w a t e r 80.0 m l 
M i x s o l u t i o n A and B . 
b , Gram,s iodine (gram's m o d i f i c a t i o n of Lugol‘s 
solution): 
Iodine 0.2 g 
K工 0. 4 g 
D i s t i l l e d w a t e r 60.0 m l 
Add iodine a f t e r KI is dissolved in w a t e r . 
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C . G r a m ' s a l c o h o l ( decolorizer,): 
95% e t h y l a l c o h o l 98.0 ml 
組 o n e 2 .0 ml 
d . G r a m ' s s a f r a n i n ( c o u n t e r s t a i n ) : 
S a f r a n i n 0 (2.5% s o l u t i o n in 95% e t h a n o l ) 5 ml 
D i s t i l l e d w a t e r � , 
50 ml 
B o t h A P I 20 E and A P I 20 NE i d e n t i f i c a t i o n kits of 
the A P I S y s t e m (La B a l m a Les G r o t t e s 38390 M o n t a l i e u 
V e r c i e u， F r a n c e ) w e r e used for the i d e n t i f i c a t i o n of 
S t r a i n l O O O A . The l a t t e r w a s a s t a n d a r d i z e d m i c r o - m e t h o d 
c o m b i n i n g 8 c o n v e n t i o n a l tests and 12 a s s i m i l a t i o n tests 
for the i d e n t i f i c a t i o n of g r a m - n e g a t i v e rods not 
b e l o n g i n g to the E n t e r o b a c t e r i a c e a e f a m i l y , i . e . 
P s e u d o m o n a s , A c i n e t o b a c t e r , F l a v o b a c t e r i u m , M o r a x e l l a , 
Vibrio， A e r o m o n a s , e t c . ( A p p e l b a u m P . C . , et al., 1984) 
3.2.2 C u l t u r e M e d i a U s e d : 
A P e p t o n e M e d i u m m o d i f i e d from the b a t c h c u l t u r e 
m e d i u m d e s c r i b e d by A i k i n g et al, (1982) w a s u s e d . It 
c o n t a i n s 2•5g of p e p t o n e from c a s e i n C/HSH (Serva， 
F e i n b i o c h e m i c a , H e i d e l b e r g ) , 0.5g of B a c t o n u t r i e n t broth 
(Difco L a b o r a t o r i e s , M i c h i g a n , U . S . A . ), 6g of T r i s， 3 g of 
p o t a s s i u m n i t r a t e p e r litre and O.OSmM Na^PO^, The pH is 
a d j u s t e d to 7.2 w i t h HCl and a u t o c l a v e d at 121。C for 30 
m i n u t e s . G l u c o s e is a d d e d a s e p t i c a l l y to the s t e r i l i z e d 
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m e d i u m to g i v e a final c o n c e n t r a t i o n of 0 . 5 % . 
T h e G l u c o s e L i m i t e d M e d i u m (i.e. G ( - ) ) w a s a 
m o d i f i c a t i o n of the m i n e r a l s a l t m e d i u m d e s c r i b e d by 
A i k i n g et a l . ( 1 9 8 2 ) . It c o n t a i n s 50 m M NH^Cl, 0.5 mM 
NaHzPO^，5 mM K C l , 2 mM Na^SO^, 1 m M c i t r i c a c i d , 0 . 6 2 5 mM 
MgCl2, 0.5 m M H C l , 0.1 m M FeCl], 0.05 mM MnCl^, 0 . 0 2 5 mM 
Z n C l 2， 0 . 0 2 m M CaCl?, 0.01 mM C o C l ?， 0 . 0 0 5 m M CuCl^, 0.004 
m M H3BO3, 0 . 0 0 0 1 m M Na^Mo,, 10 m M g l u c o s e (added 
a s e p t i c a l l y a f t e r s t e r i l i z a t o i n of m e d i u m ) a n d 0 . 3 % T r i s 
at pH 7 . 0 . 
A C o n t i n u o u s C u l t u r e M e d i u m w a s u s e d in t h i s 
c h a p t e r . 1 l i t r e of t h i s m e d i u m c o n t a i n s 3g p e p t o n e from 
c a s e i n C / H S H (Serva F e i n b i o c h e m i c a , H e i d e l b e r g ) , Ig of 
T r i s , 3g of p o t a s s i u m n i t r a t e and 0 , 2 0 m M N a 3 P 0 4 . The 
m e d i u m is a u t o c l a v e d b e f o r e g l u c o s e is a d d e d a s e p t i c a l l y 
to g i v e a f i n a l c o n c e n t r a t i o n of 5 g / l • A p p r o p r i a t e a m o u n t 
of CdSO^ is a d d e d to the c u l t u r e and m e d i u m r e s e r v o i r at 
the same time at l e a s t 5 h o u r s b e f o r e s e t t i n g of d i l u t i o n 
rate to a l l o w b i n d i n g of Cd ions to g l a s s s u r f a c e to 
c o m p l e t e . 
3.2.3 G r o w t h K i n e t i c s D e t e r m i n a t i o n : 
A l / 2 0 0 ( v / v ) i n o c u l u m of fresh s u s p e n s i o n of S t r a i n 
l O O O A g r o w i n g in c a d m i u m free P e p t o n e M e d i u m at e a r l y 
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S t a t i o n a r y phase was a p p l i e d to fresh P e p t o n e M e d i u . 
c o n t a i n i n g 0, 5, 10, 20 or 40 p p . C d - and incubated at 
35。C with a g i t a t i o n . A strain from a place o t h e r than the 
c a d m i u m c o n t a m i n a t e d a r e a s was used as the control 
s t r a i n . S a m p l e s were taken and cell d e n s i t y was m e a s u r e d 
in terms of at i n t e r v a l s . 
3.2.4 D e t e r m i n a t i o n of the E f f e c t of C a d m i u m C o n c e n t r a t i o n on 
C d - u p t a k e in Free C e l l s : 
An 1/200 (v/v) inoculum of fresh c u l t u r e of Strain 
lOOOA at e a r l y s t a t i o n a r y phase was a p p l i e d to P e p t o n e 
M e d i u m c o n t a i n i n g v a r o i o a s c o n c e n t r a t i o n of Cd^^ and 
incubated at 35^C w i t h a g i t a t i o n C u l t u r e samples at 
s t a t i o n a r y phase w e r e taken for c a d m i u m a n a l y s i s after 
l y o p h i l i z a t i o n . 
3’ 5 D e t e r m i n a t i o n of the E f f e c t of P h o s p h a t e C o n c e n t r a t i o n on 
C d - u p t a k e in Free Cells: 
V a r i o u s a m o u n t of P h o s p h a t e Stock Solution was 
added a s e p t i c a l l y to p h o s p h a t e omitted P e p t o n e Medium 
c o n t a i n i n g 5 ppm Cd^^ so that the p h o s p h a t e c o n c e n t r a t i o n 
ranged from 0.05 to 0.80 m M . A f t e r the a p p l i c a t i o n of a 
1/200 i n o c u l u m , the cultures were incubated at 35。C and 
200 r . p . m . until s t a t i o n a r y p h a s e . Samples were taken for 
cadmium a n a l y s i s after l y o p h i l i z a t i o n . 
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3.2.6 D e t e r m i n a t i o n of the C d - u p t a k e in Free C e l l s in 
C o n t i n u o u s C u l t u r e s : 
A . C u l t u r i n g C o n d i t i o n : 
4 ml of Strain lOOOA in P e p t o n e M e d i u m was 
i n o c u l a t e d into a M o d e l 6 7 0 0 - 0 0 5 0 - 0 C O m n i - c u l t u r e 
b e n c h - t o p f e r m e n t o r (The V i r t i s C o m p a n y I n c . , G a r d i n e r 
N e w Y o r k ) c o n t a i n i n g c a d m i u m s u p p l e m e n t e d C o n t i n u o u s 
C u l t u r e M e d i u m and incubated at 35,0±CK2。C with a g i t a t i o n 
at 400 r . p . m . and a filtered air supply of 1.2 1 / m i n , 
u n t i l s t a t i o n a r y p h a s e . C o n t i n u o u s c u l t u r i n g w a s o p e r a t e d 
w i t h a c o n t i n u o u s feeding setup c o m p o s e d of a 2232 
M i c r o e r p e x S p e r i s t a l t i c p u m p (LKB, B r o m m a ) and a 屯 3,3-
l.O s i l i c o n e rubber tubing ( 2 0 3 0 - 9 6 9 , L K B - P r o d u k t e r A B , 
S-161 26 B r o m m a - S w e d e n ) c o n n e c t e d from the m e d i u m 
r e s e r v o i r to the feeding inlet of the b e n c h - t o p 
f e r m e n t o r . The pH was m a i n t a i n e d at 7,05±0.05 by m e a n s of 
adding IM NaOH or IM H C l a u t o m a t i c a l l y w i t h a b u i l t - i n 
dual p u m p m o d u l e and the c u l t u r e was incubated at a 
suitable d i l u t i o n rate at the same c o n d i t i o n , 2 to 3 
d r o p s of a u t o c l a v e d corn o i l / p a r a f i n oil (1:10) w a s added 
as a n t i f o a m (L. Y . W a n g , 1987 ) upon n e c e s s i t y . C u l t u r e 
w a s c o l l e c t e d c o n t i n u o u s l y through the bent e f f l u e n t 
outlet and then c e n t r i f u g e d , cell pellet c o l l e c t e d . 
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B . P r e p a r a t i o n of Cell S a m p l e s from C o n t i n u o u s C u l t u r e s 
for C a d m i u m A s s a y : 
S a m p l e s w e r e taken at least 4 times the inverse of 
the d i l u t i o n rate after it w a s set for D = 0 , 15/hr or at 
least 30hrs a f t e r setting for D = 0 . 1 0 / h r or 40hrs for 
D = 0 . 0 5 / h r to e n s u r e that the samples were t a k e n in steady 
state (a m o d i f i e d m e t h o d from A i k i n g et al. , 1982 ). 
Samples w e r e c e n t r i f u g e d at 5。C at 3,000 g for 20 m i n u t e . 
The cell p e l l e t s were w a s h e d w i t h saline o n c e , r e - s p u n , 
frozen and l y o p h i l i z e d to d r y . D u p l i c a t e samples of about 
2 to 3 mg e a c h w e r e d i g e s t e d by i n c u b a t i o n w i t h c o n c . HNO3 
at 95。C for 40 m i n then c o o l e d and d i l u t e d to a p p r o p r i a t e 
c o n c e n t r a t i o n w i t h 0.OlM H C l for Cd a n a l y s i s . 
3*2.7 D e t e r m i n a t i o n of A n t i b i o t i c R e s i s t a n c e of S t r a i n lOOOA: 
A u t o c l a v e d P e p t o n e M e d i u m s u p p l e m e n t e d w i t h 2% 
(final c o n c e n t r a t i o n ) B a c t o - a g a r (Difco L a b o r a t o r i e s ) was 
m i x e d w i t h 20 ppm CdSO^ w i t h o u t the f o r m a t i o n of b u b b l e s . 
The m e d i u m w a s then p o u r e d onto sterile p e t r i d i s h . Fresh 
culture of S t r a i n lOOOA at late log phase was spreaded on 
each s o l i d i f i e d p l a t e m e d i u m w i t h a sterile t r i a n g u l a r 
glass l o o p . S u b s e q u e n t l y , an a n t i b i o t i c s u s c e p t i b i l i t y 
disc d e s c r i b e d in 3.2.1 w a s c a r e f u l l y p l a c e d onto the 
centre of each inoculated p l a t e . The c u l t u r e s were then 
incubated at 35.0±0,5°C for 2 to 3 days in a T y p . B-5042 
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i n c u b a t o r ( H a r a e u s ) . T h e b a c t e r i a c o u l d g r o w on the whole 
p l a t e if it p o s s e s s e d the c o r r e s p o n d i n g a n t i b i o t i c 
r e s i s t a n c e . O t h e r w i s e , a b a c t e r i c i d i c or b a c t e r i o s t a t i c 
ring of c e r t a i n d i a m e t e r c o u l d be o b s e r v e d a r r o u n d the 
a n t i b i o t i c m i n i - d i s c . 
D e t e r m i n a t i o n of R e l a t i o n s h i p b e t w e e n C h l o r a m p h e n i c o l 
R e s i s t a n c e a n d C d - u p t a k e : 
C a d m i u m s u l p h a t e s t o c k s o l u t i o n w a s a d d e d to 
E r l e n m e y e r f l a s k e s e a c h c o n t a i n i n g P e p t o n e M e d i u m to g i v e 
a f i n a l c o n c e n t r a t i o n of 40 p p m . S u c h m e d i u m s u p p l e m e n t e d 
w i t h or n o t s u p p l e m e n t e d w i t h 10 u l / m l C h l o r a m p h e n i c o l 
(final c o n c e n t r a t i o n ) w a s u s e d as the s a m p l e or the 
c o n t r o l . A n i n o c u l u m of f r e s h c u l t u r e of S t r a i n l O O O A at 
e a r l y s t a t i o n a r y p h a s e w a s a p p l i e d to b o t h s a m p l e a n d 
c o n t r o l a n d i n c u b a t e d at 35。C w i t h a g i t a t i o n . C u l t u r e 
s a m p l e s w e r e t a k e n at i n t e r v a l s . T h e g r o w t h k i n e t i c s of 
the c u l t u r e s w e r e d e t e r m i n e d in t e r m of 0.0.595 and the 
C d - u p t a k e of c e l l s at d i f f e r e n t i n t e r v a l s w a s d e t e r m i n e d 
t h r o u g h f l a m e A A S a f t e r l y o p h i l i z a t i o n and a c i d 
d i g e s t i o n , 
3.2.9 C a d m i u m A n a l y s i s : 
C a d m i u m is d e t e r m i n e d in m e d i a , s u p e r n a t a n t s and 
c e l l p e l l e t s , Cadmiura c o n t e n t in c e l l s w a s d e t e r m i n e d 
w i t h the m e t h o d of H a r r y Aiking,氺 et al. ( 1 9 8 2 ) d e s c r i b e d 
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in 2 . 2 . 9 . The r e c o v e r y of Cd v a l u e d w i t h i n 88.1 to 96.6% 
of the i n f l u e n t m e d i a . 
3.2.10 D e t e r m i n a t i o n of Inorganic P r e c i p i t a t i o n of C a d m i u m : 
R a d i o a c t i v e isotope C a d m i u m - 1 0 9 ( R a d i o n u c l i d e , 
r e a c t o r p r o d u c e d , p r e p a r e d in 0.5 M HCl; Du P o n t , U . S . A . ) 
was added to 50 ml p h o s p h a t e o m i t t e d P e p t o n e M e d i u m 
d e s c r i b e d above in a c o n i c a l flask and m i x e d . To each of 
five 20 ml g l a s s b o t t l e s , 10 ml of the ^^^Cd s u p p l e m e n t e d 
m e d i u m w a s a d d e d . P h o s p h a t e Stock S o l u t i o n was applied to 
e a c h of the b o t t l e s so that the final c o n c e n t r a t i o n of 
p h o s p h a t e was 0 . 1 0， 0. 50, 1.0, 2.0 and 5.0 mM 
r e s p e c t i v e l y . 
20 Pyrex 12 ml test tubes w e r e d i v i d e d into 5 equal 
g r o u p s . 2 ml of the P e p t o n e M e d i u m of a d e f i n i t e 
p h o s p h a t e c o n c e n t r a t i o n was p i p e t t e d into each tube of 
e a c h g r o u p . S u b s e q u e n t l y , c a d m i u m sulphate stock solution 
was a d d e d to each tube so that the cadmium c o n c e n t r a t i o n 
in the tubes of each g r o u p w a s 20, 4 0 , 60 and 80 
r e s p e c t i v e l y . A f t e r v o r t e x i n g , all the samples were 
a l l o w e d to stand for 2 h o u r s , The s o l u t i o n s were then 
c e n t r i f u g e d at 3,000 r . p . m . for 30 m i n u t e s . The 
s u p e r n a t a n t s w e r e d r a i n e d off c a r e f u l l y w i t h o u t 
d i s t u r b i n g the p e l l e t s . 5 ml of saline w a s added to each 
tube and m i x e d . The samples were r e - c e n t r i f u g e d at 3,000 
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r . p . m . for a n o t h e r 30 m i n u t e s and the w a s h d r a i n e d o f f . 
The r e s i d u e r a d i o a c t i v i t y of the samples w a s m o n i t o r e d 
w i t h a g a m m a - c o u n t e r • 
3.2.11 A s s i m i l a t i o n T e s t s : 
T h e s e tests were p e r f o r m e d in o r d e r to p r o v i d e 
f a c i l i t a t i n g c l u e s for the i d e n t i f i c a t i o n of Strain 
l O O O A . 
A . NH4' Test: 
This test w a s done a f t e r the strain was found capable 
of g r o w i n g in m e d i a lacking e i t h e r of the 20 c o m m o n amino 
a c i d s . S t r a i n lOOOA was i n c u b a t e d in G l u c o s e Limited 
M i n e r a l Salt M e d i u m w i t h a m m o n i u m as the sole n i t r o g e n o u s 
source at 35.0±0.5°C w i t h a g i t a t i o n at 200 r . p . m , 
B , A s s i m i l a t i o n of V a r i o u s S u g a r s : 
S u g a r omitted m i n e r a l salt m e d i u m d e s c r i b e d above 
were s u p p l e m e n t e d a s e p t i c a l l y w i t h 0.3% (final 
c o n c e n t r a t i o n ) g l u c o s e , g l u c o s e , f r u c t o s e , s u c r o s e , 
g a l a c t o s e , a r a b i n o s e , d e x t r i n (starch f r e e ) , m a l t o s e , 
x y l o s e and ribose r e s p e c t i v e l y and inoculated with Strain 
lOOOA s u s p e n s i o n . The first c u l t u r e was filled with 
sterile p a r a f i n oil to the top of the culture tube and 
stoppered and sealed w i t h parafilni. Then all c u l t u r e s 
w e r e incubated at 35.0±0.5。C for 2 to 3 d a y s . 
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3.2.12 I d e n t i f i c a t i o n of Strain lOOOA: 
The c o n v e n t i o n a l tests of the API systems were 
inoculated with a bacterial suspension in saline w h i c h 
r e c o n s t i t u t e d the m e d i a . Colour changes were o b s e r v e d . 
The a s s i m i l a t i o n tests were inoculated with a m i n i m a l 
m e d i u m to check the ability of the candidate strain to 
utilize the corresponding s u b s t r a t e . The reactions were 
read a c c o r d i n g to the Interpretation Table and 
i d e n t i f i c a t i o n w a s obtained by referring to the API 
Profile R e c o g n i t i o n P r o g r a m . . 
3•3 Result: 
3.3.1 Growth K i n e t i c s of Srain lOOOA in Cadmium Supplemented 
Peptone M e d i u m : 
The rates of growth of Strain lOOOA in Peptone 
M e d i u m containing 0， 5, 20, 40 and 100 ppm Cadmium were 
d e t e r m i n e d by m e a n s of the turbidity of cultures at 
i n t e r v a l s . A f t e r the inoculation of fresh culture into 
the p r e - w a r m e d media containing different c o n c e n t r a t i o n s 
of C a d m i u m , a sample was taken and the initial O.D.595 
value of the culture was r e c o r d e d . Within several hours 
after the start of test, the turbidity of both the 
cadmium free Strain lOOOA culture and that containing 5 
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ppm Cd+2 b e g a n to i n c r e a s e s i g n i f i c a n t l y and e x p o n e n t i a l l y 
u n t i l t h e y r e a c h e d t h e i r s t a t i o n a r y p h a s e a p p r o x i m a t e l y 
10 h o u r s l a t e r (Fig. 3 - 1 ) , A t a h i g h e r c a d m i u m 
c o n c e n t r a t i o n , n a m e l y , 20 p p m , a c o n s i d e r a b l e lag p e r i o d 
of i n c r e a s e in t u r b i d i t y of a b o u t 13 h o u r s was r e q u i r e d 
for the i n i t i a t i o n of e x p o n e n t i a l g r o w t h . A t e v e n h i g h e r 
c a d m i u m c o n c e n t r a t i o n s , the lag p e r i o d s of g r o w t h w e r e 
e v e n m u c h l o n g e r . A t 40 p p m C d ^ ^ 21 h o u r s w a s r e q u i r e d 
a n d , at 100 ppm C d + 2， m o r e t h a n 1 day w a s n e c e s s a r y . 
H i g h e r w a s the Cd+2 c o n c e n t r a t i o n , l o n g e r w a s the lag time 
r e q u i r e d to r e s u m e e x p o n e n t i a l g r o w t h (Fig. 3 - 1 ) • 
A l t h o u g h a f a i r l y rapid g r o w t h c o u l d be r e s t o r e d 
a f t e r a c o n s i d e r a b l e lag p e r i o d in the a b o v e c a s e s , the 
g r o w t h rate (g) of the s t r a i n k e p t d e c r e a s i n g a l o n g w i t h 
the i n c r e a s e s in c a d m i u m c o n c e n t r a t i o n , e x c e p t for a 
c a d m i u m l e v e l b e n e a t h 5 p p m , at w h i c h c o n c e n t r a t i o n the 
g r o w t h r a t e or the d o u b l i n g time of g r o w t h《 t ) , seemed 
n o t a l t e r e d . At 0 or 5 ppm Cd+2， the d o u b l i n g times were 
b o t h a r o u n d 39 m i n u t e s (Fig. 3-2 ) . H o w e v e r , w h e n the 
c a d m i u m c o n c e n t r a t i o n w a s i n c r e a s e d to 20 p p m , the t 
v a l u e w a s thus s h i f t e d to a b o u t 2 h o u r s , The O.D.595 v a l u e 
c l i m b e d e v e n m o r e s l o w l y at 40 and 100 ppm Cd'"^, A t those 
c o n c e n t r a t i o n s , a p p r o x i m a t e l y 2i and 3 h o u r s w e r e 
r e q u i r e d r e s p e c t i v e l y to d o u b l e the p o p u l a t i o n s in the 
c u l t u r e s . 
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F i g . 3 - 1 . G r o w t h K i n e t i c s of S t r a i n lOOOA: 
S t r a i n lOOOA was g r o w n in fresh P e p t o n e M e d i u m 
c o n t a i n i n g 0, 5, 10, 20 or 40 ppm Cd+2 at 35°C w i t h 
a g i t a t i o n . A strain from a p l a c e o t h e r than the 
c a d m i u m c o n t a m i n a t e d a r e a s (a stock of D r . H . S . 
Kwan5 C U H K ) was used as the c o n t r o l s t r a i n . Samples 
w e r e taken and cell d e n s i t y was m e a s u r e d in terms of 
O . D . 595 at i n t e r v a l s . 
Symbols for c u l t u r e s of S t r a i n lOOOA: 
參 O p p m • ’ • 5 p p m • — • 2 0 p p m • — > 4 0 p p m 100 ppm Cd+2 
Symbols for c u l t u r e s of C o n t r o l strain: 
O M-o O p p m A,—A 5 p p m • r v 20 ppm Cd"^^ « 
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F i g . 3 - 2 . E f f e c t of Cd+2 on G r o w t h R a t e of S t r a i n l O O O A : 
C e l l s w e r e g r o w n as d e s c r i b e d in F i g . 3 - 1 . G r o w t h rate of 
c o n t r o l s t r a i n in C d - f r e e m e d i u m (i.e. a p p r o x . 0 . 6 5 / h r ) 
w a s t a k e n as 1 0 0 % . G r o w t h rate of the s t r a i n at log p h a s e 
w a s e v a l u a t e d w i t h the f o l l o w i n g e q u a t i o n a f t e r o b t a i n i n g 
a p l o t of log [0,0.535] vs t i m e : 
g = fin a^ - In a^) / (t^ - t?) • In 2 
w h e r e g e g r o w t h rate ( h r ' M or 1 / d o u b l i n g time 
三 c e l l d e n s i t y (in t e r m of O.D,,,,) at time t, 
- c e l l d e n s i t y at time t^ 
( Z Z Z 2 S t r a i n lOOOA; | 1 C o n t r o l ) 
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M o r e o v e r , a c c o r d i n g to the e x p e r i m e n t a l r e s u l t , the 
m a x i m u m O,D,595 v a l u e s of the c u l t u r e s at s t a t i o n a r y p h a s e 
w e r e n o t c o i n c i d e n t . T h o s e v a l u e s kept d e c r e a s i n g at 
i n c r e a s i n g c o n c e n t r a t i o n s of c a d m i u m . The m a x i m u m 
t u r b i d i t y the c u l t u r e s c o u l d r e a c h fell w i t h the 
i n c r e a s e s in the a m o u n t of c a d m i u m s u l p h a t e a d d e d (Fig. 
3-1 ), 
W h e n c o n s i d e r i n g the g r o w t h k i n e t i c s of the c o n t r o l 
s t r a i n in the c a d m i u m s u p p l e m e n t e d P e p t o n e M e d i u m , r a t h e r 
d i f f e r e n t p a t t e r n s w e r e o b s e r v e d . In c a d m i u m free P e p t o n e 
M e d i u m , the c o n t r o l s h o w e d s i m i l a r g r o w t h p r o f i l e as that 
of the s e l e c t e d i s o l a t e . H o w e v e r , as long as 13 h o u r s w a s 
r e q u i r e d by it to a p p r o a c h a s u b s t a n t i a l g r o w t h a l t h o u g h 
the c a d m i u m c o n c e n t r a t i o n w a s o n l y 5 p p m (Fig. 3-1 ) , a 
m u c h l o n g e r time t h a n t h a t r e q u i r e d by S t r a i n lOOOA at 
that c a d m i u m l e v e l , E v e n an o b s e r v a b l e g r o w t h rate w a s 
r e s t o r e d a f t e r a r e l a t i v e l y long lag t i m e , it w a s yet 
still v e r y low w h e n c o m p a r e d w i t h that of S t r a i n l O O O A . 
The m a x i m u m O . D , 595 v a l u e of the c o n t r o l at t h a t c a d m i u m 
level had d r o p p e d to a p p r o x i m a t e l y h a l f of the c a d m i u m 
free o n e s . F u r t h e r m o r e , the t u r b i d i t y of the c o n t r o l at 
20 p p m Cd+2 a l m o s t r e m a i n e d u n c h a n g e d w i t h i n the w h o l e 
e x p e r i m e n t a l p e r i o d . 
W h e n c o n s i d e r i n g the I n h i b i t i o n Dosb^q (ID50) of 
C a d m i u m to S t r a i n l O O O A � i t can be seen t h a t , at 5 ppm 
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Cd+2, the g r o w t h of Strain lOOOA was g e n e r a l l y c o m p a r a b l e 
to that in c a d m i u m free P e p t o n e M e d i u m , W h e n the c a d m i u m 
c o n c e n t r a t i o n w a s further i n c r e a s e d , c o n s i d e r a b l e 
r e d u c t i o n in the % growth of the strain was r e c o r d e d . The 
ID50 of C a d m i u m to Strain lOOOA in P e p t o n e M e d i u m was 
a p p r o x i m a t e l y 120 ppm ( F i g . 3 - 3 ) . 
D e c l i n i n g values of % growth of the c o n t r o l strain 
were also o b t a i n e d at increasing cadmium c o n c e n t r a t i o n s . 
H o w e v e r , the rate of d e c l i n a t i o n was m u c h faster than 
that of the f o r m e r . The ID50 of C a d m i u m to the c o n t r o l was 
o n l y a r r o u n d 5.1 p p m . 
In the above e x p e r i m e n t , P e p t o n e M e d i u m 
s u p p l e m e n t e d w i t h 200 ppm 職 also p r e p a r e d . H o w e v e r , 
an increase in t u r b i d i t y w a s o b s e r v e d a f t e r the pre-
planning of the m e d i u m , and then the O.D.595 value remained 
b a s i c a l l y u n c h a n g e d . In f a c t , a slight and i n s i g n i f i c a n t 
increase was also w i t n e s s e d in P e p t o n e M e d i u m of 100 ppm 
Ccr2. This w i l l be interpreted in the e x p e r i m e n t on the 
d e t e r m i n a t i o n of inorganic p r e c i p i t a t i o n of c a d m i u m 
p h o s p h a t e ( 3 . 3 . 5 ) . 
擎 
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尸ig. 3-3 • ID50 of to S t r a i n lOOOA: 
C e l l s w e r e g r o w n as d e s c r i b e d in F i g . 3 - 1 . The IDgo of 
Cd+z the strain was d e t e r m i n e d in term of the Cd+2 
c o n c e n t r a t i o n at w h i c h g r o w t h rate was r e d u c e d to only 
50% of that of the c u l t u r e not s u p p l e m e n t e d w i t h CdSO^. 
The IDso of Cd+2 � � S t r a i n lOOOA and the C o n t r o l w e r e 
a p p r o x . 120 and 5,1 p p m r e s p e c t i v e l y . The growth rates 
of the s t r a i n s in c u l t u r e s not s u p p l e m e n t e d w i t h CdSO^ 
were c o n s i d e r e d as 100% g r o w t h . 
(參 S t r a i n lOOOA; o C o n t r o l ) 
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3.3.2 C d - u p t a k e of S t r a i n lOOOA at Various C a d m i u m 
C o n c e n t r a t i o n s : 
W i t h i n the range of cadmium c o n c e n t r a t i o n 
d e t e r m i n e d , the cadmium c o n t e n t in dry c e l l increased 
along w i t h the increase in the amount of cadmium a p p l i e d 
to the m e d i u m (Fig. 3 - 4 ) . H o w e v e r , such e n h a n c e m e n t in 
c e l l u l a r cadmium content was found more c o n s i d e r a b l e at 
lower c o n c e n t r a t i o n s and further increase in Cd+2 
c o n c e n t r a t i o n could only s l i g h t l y further increase the 
absolute amount of cadmium in c e l l s . 
3.3.3 E f f e c t of P h o s p h a t e C o n c e n t r a t i o n on C d - u p t a k e of 
Strain lOOOA: 
W i t h i n the range from 0.05 to 0.80 mM Na2HP04, 
increasing a m o u n t s of c a d m i u m in dry cell were r e c o r d e d 
w h e n a s c e n d i n g c o n c e n t r a t i o n s of p h o s p h a t e were applied 
to the cadmium s u p p l e m e n t e d m e d i u m (Fig. 3 - 5 ) . Y e t , the 
rate of increase in cadmium content in dry cell w a s 
slovrer than the rate of increase in initial p h o s p h a t e 
c o n c e n t r a t i o n . This m i g h t reflect that at limited supply 
of p h o s p h a t e , increasing the initial p h o s p h a t e 
c o n c e n t r a t i o n could favour the accumulation of c a d m i u m 
ions from the m e d i u m , and that at h i g h e r p h o s p h a t e 
l e v e l s , the p h o s p h a t e supply to the cells was a l r e a d y 
more than s u f f i c i e n t and was no longer a limiting factor 
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F i g . 3 - 4 . C d - u p t a k e of Strain lOOOA at v a r i o u s Cd+2 
C o n c e n t r a t i o n s : 
Strain lOOOA was applied to Peptone M e d i u m c o n t a i n i n g 
v a r i o u s c o n c e n t r a t i o n s of Cd+2 and incubated at 35。C 
w i t h a g i t a t i o n . Culture samples at s t a t i o n a r y phase 
were taken for cadmium analysis t h r o u g h flame AAS 
after l y o p h i l i z a t i o n and acid d i g e s t i o n . 
C e l l u l a r Cd % = mg Cd/ mgdry cell x 100% 
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F i g . 3 - 5 . Effect of P h o s p h a t e C o n c e t r a t i o n on C a d m i u m 
Uptake of Free Cells of Strain lOOOA: 
Cells were grown in P e p t o n e Medium c o n t a i n i n g 5 ppm 
Cd+2 and various c o n c e n t r a t i o n s of Na2HP04 at 35。C w i t h 
a g i t a t i o n . Samples were taken at s t a t i o n a r y p h a s e , 
w a s h e d , lyophilized and acid digested before c a d m i u m 
analysis t h r o u g h flame A A S . 
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a n d , f u r t h e r increase in p h o s p h a t e c o n c e n t r a t i o n in 
m e d i u m could h a r d l y push further up the u p t a k e of c a d m i u m 
by the c e l l s . 
3.3.4 C d - u p t a k e of Strain lOOOA in C o n t i n u o u s C u l t u r e s : 
C a d m i u m - u p t a k e of Strain lOOOA in c a d m i u m 
s u p p l e m e n t e d c o n t i n u o u s c u l t u r e s was d e t e r m i n e d at 
v a r i o u s d i l u t i o n r a t e s , giving rise to d i f f e r e n t 
r e t e n t i o n time of c u l t u r e in the b e n c h - t o p f e r m e n t o r . B y 
raising the c a d m i u m c o n c e n t r a t i o n in m e d i u m from 5 ppm to 
40 p p m , the cadmium c o n t e n t in dry cell of Strain lOOOA 
was found to be g r a d u a l l y i n c r e a s e d . F u r t h e r increase in 
c a d m i u m c o n c e n t r a t i o n did not p u s h further up the cadmium 
a c c u m u l a t i o n of c e l l s . B e s i d e s , w i t h i n the range from 
0.05 to 0 . 2 4 / h r , the c h a n g e s in d i l u t i o n rate did not 
give m u c h e f f e c t on the C d - u p t a k e of cells (Fig. 3-6 and 
3 - 7 ) . In this e x p e r i m e n t , the C d - u p t a k e of the strain in 
a c o n t i n u o u s c u l t u r e of 60 p p m Cd+2 at a d i l u t i o n rate of 
••24/hr was not d e t e r m i n e d b e c a u s e such a high d i l u t i o n 
rate a p p l i e d to this h i g h l y toxic and i n h i b i t o r y m e d i u m 
n a r r o w l y a p p r o a c h e d the w a s h - o u t limit of the culture and 
c a u s e d a d r a s t i c drop in cell d e n s i t y , a serious w a s t e of 
m e d i i m as well as a c o n s i d e r a b l e p r o b l e m in h a r v e s t i n g 
s u f f i c i e n t cells for a n a l y s i s . 
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F i g . 3 - 6 . Effect of Cd+2 C o n c e n t r a t i o n on C d - u p t a k e of 
Strain lOOOA in C o n t i n u o u s C u l t u r e : 
Strain lOOOA was inoculated into a M o d e l 6700-0050-0C 
O m n i - c u l t u r e b e n c h - t o p fermentor (The Virtis C o m p a n y 
Inc.) containing C o n t i n u o u s Culture M e d i u m 
supplemented w i t h 5, 20，40 or 60 ppm Cd+2, C o n t i n u o u s 
culturing was operated w i t h a c o n t i n u o u s feeding setup 
connected from a m e d i u m r e s e r v o i r to the feeding inlet 
of the f e r m e n t o r . The pH was m a i n t a i n e d at 7.05±0,05 
by means of adding IM NaOH or IM HCl a u t o m a t i c a l l y 
w i t h a b u i l t - i n dual p u m p m o d u l e and the culture w a s 
incubated at a d i l u t i o n rate of 0 . 0 5 , 0 . 1 0 , 0 , 1 5 , 0.20 
or 0.24/hr at 35.0±0.2°C w i t h a g i t a t i o n and an air 
supply of 1.2 1 / m i n . Culture was c o l l e c t e d 
c o n t i n u o u s l y through a bent effluent outlet and then 
c e n t r i f u g e d , D u p l i c a t e cell p e l l e t s were collected at 
steady s t a t e , l y o p h i l i z e d and acid digested w i t h HNO3 
for cadmium analysis t h r o u g h flame A A S . 
5 ppm Cd+2 
20 ppm Cd+z 
40 ppm Cd+2 
60 ppm Cd+2 
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F i g , 3 - 7 . E f f e c t of D i l u t i o n Rate on C d - u p t a k e of 
S t r a i n lOOOA in C o n t i n u o u s C u l t u r e : 
G r o w t h and d e t e r m i n a t i o n c o n d i t i o n s w e r e the same as 
in F i g , 3 - 6 . [Cd+2] ^f c u l t u r e : 〇 5 p p m , • 20 p p m , 
A 40 p p m , • 60 ppm 
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A c c o r d i n g to the e x p e r i m e n t a l r e s u l t , no 
s i g n i f i c a n t change in the p e r c e n t a g e of Cd+2 r e m o v e d by 
free cell from the m e d i a of 5, 20 or 40 ppm Cd+2 was 
o b s e r v e d . H o w e v e r , at d i l u t i o n rates of 0.05 and 0 . 1 5 / h r , 
the Cd% removed from the m e d i a of 20 and 40 ppm Cd+2 w e r e 
c o n s i d e r a b l y lower than that from a m e d i u m of 5 ppm Cd+2 
(Fig. 3 - 8 ) . 
On the other h a n d , when the cadmium c o n c e n t r a t i o n 
was increased to 60 p p m , d r a s t i c drops in Cd% r e m o v e d 
w e r e r e c o r d e d . This d e c r e a s e in the p e r c e n t a g e of c a d m i u m 
removed e x i s t e d not only at low but also at high d i l u t i o n 
rate of the c u l t u r e s (Fig. 3-8 ) . C o m p a r e d w i t h b a t c h 
c u l t u r e , the c a d m i u m content of the cells in c o n t i n u o u s 
culture was m e a s u r e d h i g h e r than that in b a t c h c u l t u r e of 
similar c a d m i u m c o n c e n t r a t i o n . 
3.3.5 Inorganic P r e c i p i t a t i o n of C a d m i u m P h o s p h a t e : 
In o r d e r to clarify w h e t h e r the above increases in 
C d - u p t a k e were m e r e l y due to the s p o n t a n e o u s 
p r e c i p i t a t i o n of cadmium p h o s p h a t e r e g a r d l e s s of any 
b i o l o g i c a l function of the c e l l s , the following 
e x p e r i m e n t on the inorganic p r e c i p i t a t i o n of c a d m i u m 
p h o s p h a t e was p e r f o r m e d w i t h ^^^Cd*^, After the removal of 
r a d i o a c t i v i t y in the solutions by c e n t r i f u g a t i o n , 
d i s p o s a l of supernatant and washing of p r e c i p i t a t e , if 
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F i g . 3 - 8 . E f f e c t of Cd+2 C o n c e n t r a t i o n to the Cd-
Remova丄 E f f i c i e n c y of F r e e C e l l s of S t r a i n lOOOA: 
G r o w t h and d e t e r m i n a t i o n c o n d i t i o n s w e r e the same as 
in F i g . 3-6 • A r e g r e s s i o n line w a s p l o t to show the 
c o r r e s p o n d i n g C d - r e m o v a l e f f i c i e n c y at c e r t a i n Cd+2 
c o n c e n t r a t i o n and a d i l u t i o n rate r a n g i n g from 0.05 to 
0 . 2 4 / h r . 
D i l u t i o n rate of c u l t u r e {hr"^): 
O 0 . 0 5 , • 0 . 1 0 , A 0 . 1 5 , A 0 . 2 0 , • 0.24 
C d — R e m o v a l E f f i c i e n c y = Cd+2 r e m o v e d / t o t a l Cd+2 x 100% 
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a n y， the r e s i d u e r a d i o a c t i v i t i e s of the s a m p l e s w i t h an 
o r i g i n a l p h o s p h a t e c o n c n e t r a t i o n at 5 mM and a c a d m i u m 
c o n c e n t r a t i o n at or e x c e e d i n g 60 p p m , or w i t h an o r i g i n a l 
p h o s p h a t e c o n c e n t r a t i o n at 2 mM and a c a d m i u m 
c o n c e n t r a t i o n at 80 p p m , w e r e found to be c o n s i d e r a b l y 
h i g h . The r a d i o a c t i v i t i e s of the rest s a m p l e s were 
n e g l i g i b l e c o m p a r e d w i t h the o r i g i n a l r a d i o a c t i v i t y of 
e a c h sample (Fig. 3-9 ). 
3.3.6 D e t e r m i n a t i o n of A n t i b i o t i c R e s i s t a n c e of S t r a i n 
lOOOA: 
The r e a s o n for p e r f o r m i n g this e x p e r i m e n t w a s based 
on a c o m m o n p h e n o m e n o n that the h e a v y m e t a l r e s i s t a n c e or 
a c c u m u l a t i o n a b i l i t y of some m i c r o o r g a n i s m s are r e l a t e d 
to c e r t a i n a n t i b i o t i c r e s i s t a n c e . S h o u l d such 
r e l a t i o n s h i p be found in S t r a i n l O O O A , the a n t i b i o t i c 
r e s i s t a n c e could be made use of to m a n i p u l a t e the Cd-
u p t a k e of the s t r a i n , o r , be used as an c o n v e n i e n t m a r k e r 
for the s c r e e n i n g of a new s t r a i n of e v e n h i g h e r Cd-
u p t a k e , 
The result of the d e t e r m i n a t i o n of a n t i b i o t i c 
r e s i s t a n c e of S t r a i n lOOOA was s u m m a r i z e d in Table 3 - 1 . 
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F i g . 3 - 9 . D e t e r m i n a t i o n of I n o r g a n i c P r e c i p i t a t i o n of 
C a d m i u m : 
P h o s p h a t e o m i t t e d P e p t o n e M e d i u m d e s c r i b e d in 3 . I I 
was a d d e d w i t h 20, 40， 60 or 80 ppm Cd+2 s u p p l e m e n t e d 
w i t h a p p r o x , 5 0 , 0 0 0 C . P . M . of ^卯Cd+2 (reactor p r o d u c e d , 
Du P o n t , U . S . A . ) . V a r i o u s a m o u n t of P h o s p h a t e S t o c k 
S o l u t i o n w a s a p p l i e d to e a c h of the s a m p l e s . The 
s o l u t i o n s w e r e then c e n t r i f u g e d and the s u p e r n a t a n t s 
were d r a i n e d off c a r e f u l l y w i t h o u t d i s t u r b i n g the 
p e l l e t s , if p r e s e n t . The s a m p l e s w e r e w a s h e d w i t h 
i s o t o n i c saline and the w a s h d r a i n e d o f f . 
The r e s i d u e r a d i o a c t i v i t y of the s a m p l e s w a s m o n i t o r e d 
w i t h a g a m m a - c o u n t e r at a w i n d o w of 20 to 99 k e V . A 
s u b s t a n t i a l r a d i o a c t i v i t y of sample i n d i c a t e d that 
i n o r g a n i c p r e c i p i t a t i o n of c a d m i u m p h o s p h a t e m i g h t be 
p r e s e n t . 
O 20 ppm • 40 ppm a 60 ppm • 8 0 ppm Cd+2 
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Table 3 - 1 , A n t i b i o t i c R e s i s t a n c e of Strain IQQ.QAj 
W i d t h of 
A n t i b i o t i c Dose S e n s i t i v i t y B a c t e r i o s t a t i c 
Ring (mm) 
S u l p h o n a m i d e DDI1 - - S 22.0±1.0 
Sulphainethoxazole ( 25ug/disc ) S 10.5±0.5 
T e t r a c y c l i n ( l O u g / d i s c ) S 8,8±0.8 
C e l o p e r a z o n e (75ug/disc) S 5.8±1.3 
A m p i c i l l i n (25ug/disc) S 4.0±1.5 
Gentaraycin (lOug/disc) S 2,3±0.3 
T o b r a m y c i n U O u g / d i s c》 S 2.0±0.0 
C h l o r a m p h e n i c o l ( lOug/disc ) R (K3±0.3 
A f t e r a s u s p e n s i o n of S t r a i n lOOOA was spreaded onto 
plate m e d i u m , an a n t i b i o t i c s u s c e p t i b i l i t y disc 
(supplied by O x o i d L t d . , E n g l a n d ) was p l a c e d on the 
c e n t r e . The culture was incubated at 35.0±0.5。C. The 
d i a m e t e r s of b a c t e r i c i d i c / b a c t e r i o s t a t i c rings were 
noted for the d e t e r m i n a t i o n of s e n s i t i v i t y of the strain 
to the a n t i b i o t i c . S:sensitive； R : r e s i s t a n t 
8 � 
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3.3.7 E f f e c t of C h l o r a m p h e n i c o l on C d - u p t a k e and C a d m i u m 
R e s i s t a n c e of S t r a i n lOOOA: 
A 12% increase in c a d m i u m c o n t e n t in cells 
h a r v e s t e d from c h l o r a m p h e n i c o l s u p p l e m e n t e d (i.e. C m ( + ) ) 
c u l t u r e w a s m e a s u r e d . On the o t h e r h a n d , the cell d e n s i t y 
of this c u l t u r e w a s a p p r o x i m a t e l y 8% lower than that of 
the c h l o r a m p h e n i c o l d i f f i c i e n t c o n t r o l (i.e. Cm{—））• So 
it w a s d i f f i c u l t to tell w h e t h e r this i n c r e a s e in Cd 
c o n t e n t of the cells in C m { + ) s a m p l e s w a s r e a l l y due to 
the e f f e c t of c h l o r a m p h e n i c o l or o n l y due to h i g h e r Cd-
u p t a k e of cells at lower cell d e n s i t y . As a r e s u l t , the 
e x p e r i m e n t was r e p e a t e d w i t h the m o d i f i c a t i o n that 
samples w e r e taken for d e t e r m i n a t i o n of b o t h cell d e n s i t y 
and c e l l u l a r c a d m i u m c o n t e n t to v e r i f y the v a l i d i t y of 
the increase in c e l l u l a r c a d m i u m c o n t e n t . 
In C d - s u p p l e m e n t e d p e p t o n e m e d i a , either 
c h l o r a m p h e n i c o l free or c h l o r a m p h e n i c o l a d d e d , Strain 
lOOOA showed similar p a t t e r n s of growth (Fig. 3 - 1 0 ) . The 
lag time of growth was not a l t e r e d , nor w a s the growth 
rate of the c e l l s , 
H o w e v e r , w h e n the c e l l u l a r Cd c o n t e n t of the cells 
from both c u l t u r e s were taken into c o n s i d e r a t i o n , it was 
found that at early log p h a s e (i.e. Region B in F i g . 3-
10)， the c e l l u l a r Cd c o n t e n t s of both c u l t u r e s were 
n 
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F i g , 3 - 1 0 . D e t e r m i n a t i o n of t h e E f f e c t of 
C h l o r a m p h e n i c o l on the G r o w t h of S t r a i n l O O O A : 
A n i n o c u l u m of S t r a i n l O O O A w a s a p p l i e d to P e p t o n e 
M e d i u m c o n t a i n i n g 40 p p m Cd+2，either c h l o r a m p h e n i c o l -
free ( i . e . Ciii( - ) ) or c h l o r a m p h e n i c o l s u p p l e m e n t e d 
(Cm(+ ) ) . T h e c u l t u r e s w e r e i n c u b a t e d at 35�C w i t h 
a g i t a t i o n . C u l t u r e s a m p l e s w e r e t a k e n at i n t e r v a l s for 
the d e t e r m i n a t i o n of c e l l d e n s i t y (in t e r m of O.D.595 ) 
and c a d m i u m a n a l y s i s t h r o u g h flame A A S . 
O : C h l o r a m p h e n i c o l - f r e e c u l t u r e 
• : C h l o r a m p h e n i c o l s u p p l e m e n t e d c u l t u r e 
R e g i o n A: lag p h a s e 
R e g i o n B: log p h a s e 
R e g i o n C: s t a t i o n a r y p h a s e 
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h i g h e r t h a n those at late log p h a s e (Region B ) and 
s t a t i o n a r y p h a s e (Region C ) . On the o t h e r h a n d , the 
c e l l u l a r Cd c o n t e n t s of C m ( -） c u l t u r e were l o w e r than 
those of Cm( + ) c u l t u r e at log p h a s e s , w h e r e a s the 
c e l l u l a r Cd c o n t e n t of both c u l t u r e s w e r e a l m o s t the same 
at s t a t i o n a r y p h a s e (Fig. 3 - 1 1 ) . 
In a d d i t i o n to the f i n d i n g s in the c h a n g e in 
c a d m i u m c o n t e n t of the cells at d i f f e r e n t stages of 
g r o w t h , the v a r i a t i o n s of c e l l u l a r s u l p h i d e and p h o s p h a t e 
c o n t e n t s at d i f f e r e n t p h a s e s w e r e also d e t e r m i n e d . 
The d e c l i n i n g p a t t e r n of c e l l u l a r s u l p h i d e at 
s u c c e s s i v e stages of g r o w t h was found to be fairly 
c o i n c i d e n t to that of the c a d m i u m c o n t e n t d e s c r i b e d , in 
w h i c h the s u l p h i d e c o n t e n t w a s h i g h e s t at e a r l y log 
p h a s e , lower at late log p h a s e and s t a t i o n a r y p h a s e (Fig. 
3-12 ), 
D e s p i t e s , the c e l l u l a r p h o s p h a t e c o n t e n t w a s found 
to be i n c r e a s e d w h e n the c u l t u r e shifted from early log 
p h a s e to late log phase then d e c r e a s e d w h e n the culture 
e n t e r e d s t a t i o n a r y p h a s e (Fig. 3 - 1 3 ) . 
3.3,8 D e t e r m i n a t i o n of the E f f e c t of T e t r a c y c l i n : 
It w a s well known that the r e s i s t a n c e of b a c t e r i a 
against c h e m i c a l s or a n t i b i o t i c s could be c h r o m o s o m a l or 
8 5 
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F i g . 3 - 1 1 . E f f e c t of C h l o r a m p h e n i c o l on the C d - u p t a k e 
of S t r a i n lOOOA: 
G r o w t h and d e t e r m i n a t i o n c o n d i t i o n s w e r e the same as 
d e s c r i b e d in F i g . 3 - 1 0 . 
O : C h l o r a m p h e n i c o l - f r e e c u l t u r e 
• : C h l o r a m p h e n i c o l s u p p l e m e n t e d c u l t u r e 
R e g i o n B: log p h a s e 
R e g i o n C: s t a t i o n a r y p h a s e 
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F i g . 3 - 1 2 . E f f e c t of C h l o r a m p h e n i c o l on the C e l l u l a r 
S u l p h i d e C o n t e n t of S t r a i n lOOOA: 
G r o w t h and d e t e r m i n a t i o n c o n d i t i o n s w e r e the same as 
d e s c r i b e d in F i g . 3 - 1 0 . 
O : C h l o r a m p h e n i c o l - f r e e c u l t u r e 
• ' C h l o r a m p h e n i c o l s u p p l e m e n t e d c u l t u r e 
R e g i o n B: log phase 
R e g i o n C: s t a t i o n a r y p h a s e 
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F i g . 3 - 1 3 , E f f e c t of C h l o r a m p h e n i c o l on the C e l l u l a r 
P h o s p h a t e C o n t e n t of S t r a i n lOOOA: 
G r o w t h and d e t e r m i n a t i o n c o n d i t i o n s w e r e the same as 
d e s c r i b e d in F i g . 3-10 . 
O : C h l o r a m p h e n i c o l - f r e e culture 
• : C h l o r a m p h e n i c o l s u p p l e m e n t e d c u l t u r e 
R e g i o n B: log phase 
R e g i o n C: s t a t i o n a r y p h a s e 
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p l a s m i d e n c o d e d . E x a m p l e s like the c h r o m o s o m a l l y e n c o d e d 
c a d m i u m and m e r c u r y r e s i s t a n c e of m a n y of the isolates 
from the G r e a t S i p p e w i s s e t t M a r c h (Cape C o d , M a s s . ) and 
B o s t o n H a r b o r (Ying W a n g , et al •， 1986 ) and p l a s m i d 
e n c o d e d h e a v y m e t a l r e s i s t a n c e of Pseudomonas d e s c r i b e d 
by M i c h e l J . G a u t h i e r , et al, ( 1985) and J a c o b y ( 1979 ). 
For p l a s m i d e n c o d e d c a s e s , the r e s i s t a n c e can be e n h a n c e d 
by adding a b a c t e r i o s t a t i c a g e n t (eg, tetracycliri) to the 
c u l t u r e to cause i n h i b i t i o n to the growth of the cells 
and the r e p l i c a t i o n of c h r o m o s o m a l DNA but not to 
p l a s m i d s that p o s s e s s relaxed r e p l i c a t i o n o r i g i n s . 
In the e x p e r i m e n t d e t e r m i n i n g the e f f e c t of 
t e t r a c y l i n on the Cd u p t a k e of Strain l O O O A , o n l y a 
slight but not s i g n i f i c a n t increase in c e l l u l a r c a d m i u m 
c o n t e n t of t e t r a c y c l i n s u p p l e m e n t e d c u l t u r e w a s recorded 
(Table. 3 - 2 ) . B e s i d e s , the lag time of g r o w t h was not 
s h o r t e n e d even an inoculum of t e t r a c y c l i n s u p p l e m e n t e d 
(i.e. Tc( + ) ) c u l t u r e instead of a t e t r a c y c l i n - f r e e (Tc(-
) ) o n e was u s e d . This implies that the r e s i s t a n c e of the 
cells w a s not e n h a n c e d by any a n t i c i p a t e d a m p l i f i c a t i o n 
effect of t e t r a c y c l i n on the r e p l i c a t i o n of a c a d m i u m 
r e s i s t a n c e coding p l a s m i d . Both these p h e n o m e n a showed 
that the cadmium u p t a k e and resistance of Strain lOOOA 
were u n l i k e l y p l a s m i d e n c o d e d . 
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T a b l e 3 - 2 . D e t e r m i n a t i o n of E f f e c t of T e t r a c y c l i n : 
S a m p l e C e l l u l a r Cd PO4 Cd:{6P+6S>氺 
(umol/gdry) { u m o l / g ) f u m o l / g ) 
Tc(-)# 294±21 303±22 34±5 0.87±0.07 
T c ( + ) 314±14 288±10 35±5 0,97±0.05 
* C d / ( 6 P + 6 S ) : S t i o c h i o m e t r y a m o m g c e l l u l a r C d , e x t r a PO4 
( i . e . d i f f e r e n c e b e t w e e n c e l l u l a r PO4 in s a m p l e and that 
in C d - f r e e c o n t r o l ) and e x t r a S二. 
C e l l u l a r Cd w a s d e t e r m i n e d by m e a s u r i n g the c a d m i u m 
c o n t e n t in c e l l s t h r o u g h flame A A S a f t e r d i g e s t i o n (H, 
A i k i n g et al., 1 9 8 2 ) . S u l p h i d e a n a l y s i s w a s a d o p t e d from 
K i n g and M o r r i s (1967 ) and p h o s p h a t e a n a l y s i s w a s b a s e d 
on the m e t h o d of H o l d e n and P i r i e ( 1 9 5 5 ) . 
# T c ( - ) : t e t r a c y c l i n - f r e e ; T c { + ) : t e t r a c y c l i n - s u p p l e m e n t e d 
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3.3.9 A s s i m i l a t i o n Tests: 
T o g e t h e r with other c h a r a c t e r i z a t i o n tests 
d e s c r i b e d a b o v e , this was done to p r o v i d e m o r e 
i n f o r m a t i o n for a b e t t e r choice among n u m e r o u s d i a g n o s t i c 
kits for the i d e n t i f i c a t i o n of an unknown b a c t e r i u m . 
It was o b s e r v e d that the strain could grow in 
m e d i u m c o n t a i n i n g NH4+ as the sole n i t r o g e n o u s s o u r c e . It 
could also u t i l i z e some of the 9 comraon sugars in a e r o b i c 
c o n d i t i o n as s u m m a r i z e d in Table 3 - 3 . 
3.3.10 I d e n t i f i c a t i o n of Strain lOOOA: 
The strain was o b s e r v e d m i c r o s c o p i c a l l y a short rod 
and was found to be m o t i l e . H e a d - o n binary fission w a s 
s e e n . It was also found to be g r a m - n e g a t i v e by the gram 
staining p r o c e d u r e d e s c r i b e d . It could grow on completely-
synthetic m i n e r a l salt m e d i u m (Aiking et al,, 1982) w i t h 
a m m o n i u m c h l o r i d e as the sole nitrogeneous s o u r c e , 
a l t h o u g h slower growth than in peptone medium was 
r e s u l t e d . No s i g n i f i c a n t growth was observed in the test 
of a n a e r o b i c i n c u b a t i o n . It could also utilize a n u m b e r 
of s u g a r s . B a s e d on the above information, it w a s 
supposed to be either an enterobacter or a non-
e n t e r o b a c t e r r e s e m b l i n g some properties of the f o r m e r 
(Thomas L i n g , Prince W a l e s H o s p i t a l , p e r s o n a l 
9 4 
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Of Strain IQQQA on Sugars 
^ ^ ^ ^ ^ A e r o b i c / a n a e r o h i c( -f/- ) G r o w t h 
glucose 一 _ 
g l u c o s e + + 
fructose + + 
sucrose + _ 
g a l a c t o s e + + 
a r a b i n o s e + + 
d e x t r i n ( s t a r c h free ) + + 
m a l t o s e + _ 
x y l o s e + + 
ribose + _ 
S u g a r o m i t t e d m i n e r a l salt m e d i u m was 
s u p p l e m e n t e d w i t h 0.3% {final c o n c e n t r a t i o n ) 
g l u c o s e , g l u c o s e , f r u c t o s e , s u c r o s e , g a l a c t o s e , 
a r a b i n o s e , d e x t r i n (starch free)， m a l t o s e , x y l o s e or 
ribose r e s p e c t i v e l y and inoculated with Strain lOOOA 
s u s p e n s i o n . The first c u l t u r e was filled with 
sterile p a r a f i n oil to the top of the culture tube 
and s t o p p e r e d and sealed w i t h paraf ilm. Then all 
c u l t u r e s were incubated at 35.0±0.5。C for 2 to 3 
d a y s . 
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c o m m u n i c a t i o n ) , such as some s p e c i e s of P s e u d o m o n a s , 
B o r d e t e l l a , A l c a l i g e n e s , A c h r o m o b a c t e r or F l a v o b a c t e r . 
Its s u s p i c i o n as a s p e c i e s of the E n t e r o b a c t e r i a c e a e w a s 
c r a c k e d by the r e p e a t e d t e s t s of the A n a l y t a b P r o d u c t s ' 
m i n i m i z e d 20 E s y s t e m (i.e. A P I 20 E ) p e r f o r m e d by T h o m a s 
L i n g , w h i c h was d e s i g n e d for g r a m n e g a t i v e e n t e r o b a c t e r s , 
It w a s l a t e r i d e n t i f i e d as a Pseudomonas picketti s p e c i e s 
by a d i a g n o s t i c k i t A P I 20 NE for n o n — e n t e r o b a c t e r s w i t h 
r e f e r e n c e to the I d e n t i f i c a t i o n T a b l e ,七 he A P I 20 N E 
A n a l y t i c a l P r o f i l e I n d e x or the A P I L A B S o f t w a r e . In 
a d d i t i o n , its p r e s e n c e of an a p i c a l f l a g e l l u m and its 
a b i l i t y of s e x u a l c o n j u g a t i o n by forming a sex p i l i 
( s i m i l a r to F p i l i of E, coli, ) w e r e c o n f i r m e d by 
t r a n s p i f e ^ e l e c t r o m i c r o s c o p i c a l o b s e r v a t i o n in the n e x t 
c h a p t e r . 
Mf 
T h e s t r a i n was广supposed to belong to the f a m i l y of 
E n t e r o b a c t e r i a c e a e . A s a r e s u l t , a s e r i e s of d i a g n o s t i c 
t e s t s of the s t r a i n w i t h the A P I 20 E S y s t e m kit were 
p e r f o r m e d . Y e t， the o u t c o m e s w e r e not s u f f i c i e n t l y 
c o n c l u s i v e , l e a v i n g a f a i r l y w i d e zone of s u s p i c i o n , 
w h i c h i m p l i e d t h a t the strain m i g h t not be an 
e n t e r o b a c t e r , since the s e l e c t e d kit for 
E n t e r o b a c t e r i a c e a e w a s found to be not s u i t a b l e for the 
i d e n t i f i c a t i o n of this s t r a i n . C o n s e q u e n t l y , A n o t h e r 
s e r i e s of i d e n t i f i c a t i o n tests of S t r a i n lOOOA w i t h a 
b a c t e r i a l d i a g n o s t i c kit of the A P I 20 NE S y s t e m w e r e 
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c a r r i e d o u t . Good i d e n t i f i c a t i o n r e s u l t s of the b a c t e r i u m 
as a Pseudomonas picketti strain w e r e a c h i e v e d and the 
% I D v a l u e s s p o t t e d a r r o u n d 99.2 to 99.8% (Table 3-4 }, 
3•4 D i s c u s s i o n : 
The a b i l i t y of S t r a i n lOOOA to resume rapid growth 
w i t h i n a s h o r t e r time and its survival at a even h i g h e r 
c a d m i u m l e v e l showed that Strain lOOOA m i g h t p o s s e s s a 
c a d m i u m r e s i s t a n t m e c h a n i s m that was absent in the 
c o n t r o l s t r a i n . H o w e v e r , even at those r e s i s t a b l e l e v e l s , 
e s p e c i a l l y at > 20 p p m , Cd+2 could still exert some 
e f f e c t s on the o r d i n a r y p h y s i o l o g y of it. These were 
e v i d e n c e d by the i n c o m p l e t e r e s t o r a g e of m a x i m u m growth 
rate and the failure of a c h i e v i n g the o r i g i n a l value of 
m a x i m u m cell p o p u l a t i o n , similar to the case of 
a d a p t a t i o n test of a K. aerogenes to cadmium by H . Aiking 
et al. {1982), a l t h o u g h the s i z e , shape and m o t i l i t y of 
cells w e r e b a s i c a l l y the same as u s u a l . 
The c a d m i u m r e s i s t a n c e as well as the cadmium 
a c c u m u l a t i o n of m i c r o o r g a n i s m s are believed to be 
a l t e r a b l e by the c o m p o n e n t s in m e d i u m or other f a c t o r s . 
This w a s s u p p o r t e d by the finding that the c a d m i u m 
c o n t e n t in Strain lOOOA could be enhanced by either 
increasing the c o n c e n t r a t i o n of cadmium or that of 
p h o s p h a t e a p p l i e d . B e s i d e s , the drops of c e l l u l a r cadmium 
9 7 
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Trial 1； 
N03 + TRP - GLU - ADH - URE 一 ESC 一 
GEL - P N P G - GLU/+ ARA/+ MNE/- MAN/-
NAG/- M A L / - GNT/+ CAP/- A D I / - MLT/+ 
CIT/+ PAC/ - O X . + 
*Good i d e n t i f i c a t i o n of Pseudomonas picketti % I D = 9 9 . 8 
T r i a l 2: 
N03 + T R P - GLU - ADH - URE - ESC -
GEL - P N P G - GLU/+ ARA/+ MNE/- M A N " 
NAG/_ M A L / - GNT/+ CAP/+ ADI/- MLT/+ 
CIT/+ PAC/ - O X . + 
Good i d e n t i f i c a t i o n of Pseudomonas picketti %ID=99.2 
T r i a l 3: 
N03 - TRP - G L U - ADH - URE - ESC -
GEL - P N P G - GLU/+ ARA/+ MNE/- MAN/-
NAG/- M A L / - GNT/+ CAP/+ ADI/+ MLT/+ 
CIT/+ PAC/ - O X . + 
*Good i d e n t i f i c a t i o n of Pseudomonas picketti %ID=99.6 
The API 20 NE tests of Strain lOOOA were p e r f o r m e d 
by T h o m a s L i n g , with reference to the 
I d e n t i f i c a t i o n T a b l e , the A P I 20 NE A n a l y t i c a l 
P r o f i l e I n d e x or the A P I L A B S o f t w a r e . 
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content in c o n t i n u o u s cultures at a d i l u t i o n rate as low 
as 0.05/hr also reflected that the e x h a u s t i o n of 
n u t r i e n t s m i g h t h a m p e r the uptake of c a d m i u m . This is 
further s u p p o r t e d by the c o m p a r i s o n of c e l l u l a r c a d m i u m 
contents of b a t c h and continuous culture of s i m i l a r 
cadmium c o n c e n t r a t i o n , where the cadmium content of 
c o n t i n u o u s c u l t u r e of 60 ppm Cd+2 was almost 85% h i g h e r 
than the value of batch culture of the same cadmium 
c o n c e n t r a t i o n . H o w e v e r , this should not be over-
e m p h a s i z e d since at D > 0. 10/hr, the uptake was s e e m i n g l y 
u n a f f e c t e d by s h i f t s of dilution r a t e . In a d d i t i o n , the 
actual a v a i l a b i l i t y of Cd+2 in -the continuous culture 
might be g r e a t e r than that of the batch because there was 
a c o n t i n u o u s and stable supply of cadmium from the 
r e s e r v i o r w h i l s t the amount of free cadmium ions in the 
batch was d e c r e a s i n g w i t h o u t c o m p e n s a t i o n . 
On the o t h e r h a n d , the drastic drops in C d — r e m o v a l 
e f f i c i e n c y in c o n t i n u o u s cultures of 60 ppm Cd+2 at 
various d i l u t i o n rates might imply that the cells at such 
# 
incubation c o n d i t i o n (eg. t e m p e r a t u r e , p H , substrate 
c o n s t i t u e n t s , o x y g e n t e n s i o n , a g i t a t i o n , etc,) had been 
saturated w i t h c a d m i u m and further increase in Cd+2 
c o n c e n t r a t i o n c o u l d no longer further increase the Cd-
uptake . 
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The p o s s i b i l i t y of s p o n t a n e o u s inorganic 
p r e c i p i t a t i o n of c a d m i u m p h o s p h a t e in the m e d i u m used has 
b e e n i l l — w i t n e s s e d by the n e g l i g i b l e residue 
r a d i o a c t i v i t i e s of w a s h e d s a m p l e s in the d e t e r m i n a t i o n of 
i n o r g a n i c p r e c i p i t a t i o n in ^o^Cd^^ leaded m e d i u m . E x c e p t 
w h e n the c a d m i u m c o n c e n t r a t i o n had e x c e e d e d 80 ppm or 
w h e n the c a d m i u m and p h o s p h a t e c o n c e n t r a t i o n s had 
e x c e e d e d 60 ppm and 2 mM r e s p e c t i v e l y , no s i g n i f i c a n t 
r e s i d u e r a d i o a c t i v i t y could be d e t e c t e d in the s a m p l e s . 
C a d m i u m m a y not n e c e s s a r i l y be c o — p r e c i p i t a t e d by 
p h o s p h a t e since it is s o l u b l e in m a n y a m m o n i u m salts and 
Cd+2 can form c o m p l e x e s w i t h CI", NHg, OH-or even H^O 
( A l f r e d , W e r n e r , 1 9 1 5 ) . A l t h o u g h the a b s e n c e of non-
b i o l o g i c a l p r e c i p i t a t i o n of c a d m i u m p h o s p h a t e was p r o v e d , 
the p r o b a b i l i t y of b i o l o g i c a l l y faciliated p r e c i p i t a t i o n 
of the salt as d e s c r i b e d by A . C . R . D e a n , et al. ( 1986 ) 
c a n n o t be i g n o r e d . This w i l l be d e t e r m i n e d in the later 
e x p e r i m e n t s , 
As r e p o r t e d by Bruce L i g h t h a r t (1979)， the cadmium 
r e s i s t a n c e of some b a c t e r i a l strains could be related to 
a n t i b i o t i c r e s i s t a n c e or s e n s i t i v i t y such as those 
c a d m i u m m e d i a t e d r e s i s t a n c e s of some Pseudotsuga 
menziesii species in D o u g l a s - F i r . It would be much easier 
to e n h a n c e the c a d m i u m a c c u m u l a t i o n a b i l i t y of a 
b a c t e r i u m if it was found linked to such readily 
d e t e c t i b l e p r o p e r t i e s . O r , it m i g h t be p o s s i b l e to raise 
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C H A P T E R FOUR 
D E T E R M I N A T I O N OF C A D M I U M UPTAKE M E C H A N I S M in P. Picketti lOOOA 
4.1 I n t r o d u c t i o n : 
M a n y m i c r o o r g a n i s m s were well documented c a p a b l e of 
a c c u m u l a t i n g c a d m i u m in various w a y s . Among t h e m , some 
types of cadmium a c c u m u l a t i o n were dependent on e i t h e r 
the formation of e x o p o l y m e r s , the sulphate m e t a b o l i s m or 
the p h o s p h a t e m e t a b o l i s m , w h i c h were related to the 
supply of c a r b o n s o u r c e , sulphate or phosphate s o u r c e . As 
d e s c r i b e d by K a r i n Kok et al, (1982)， some b a c t e r i a l 
strain can d e t o x i f y the n o t o r i o u s heavy metal ion by the 
formation of c a d m i u m sulphide via the reduction of 
s u l p h a t e . On the other h a n d , a citrobacter strain 
d e s c r i b e d by L . E . Macaskie et al • (1985 ) was able to 
remove c a d m i u m ions by the formation of cadmium p h o s p h a t e 
via the a c t i v i t y of a m e m b r a n e bound p h o s p h a t a s e . A p a r t 
from them were some species that could synthesize c e r t a i n 
p r o t e i n to reduce the a v a i l a b i l i t y of cadmium ions by 
d i r e c t l y binding w i t h the e l e m e n t . 
The a b i l i t y of P. picketti lOOOA to a c c u m u l a t e 
cadmium is u n k n o w n . The study was initiated w i t h an 
attempt to investigate such mechanism of c a d m i u m 
a c c u m u l a t i o n . T h u s , the protein profiles of P. picketti 
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CHAPTER FOUR 
DETERMINATION OF CADMIUM UPTAKE MECHANISM in p. LOOOA 
M a n y m i c r o o r g a n i s m s were w e l l d o c u m e n t e d c a p a b l e of 
a c c u m u l a t i n g c a d m i u m in v a r i o u s w a y s . A m o n g t h e . , some 
types of ca d m i u m a c c u m u l a t i o n w e r e d e p e n d e n t on ei t h e r 
the f o r m a t i o n of e x o p o l y m e r s , the sulphate m e t a b o l i s m or 
the P h o s p h a t e m e t a b o l i s m , w h i c h w e r e related to the 
su p p l y of c a r b o n s o u r c e , sulphate or p h o s p h a t e s o u r c e . As 
d e s c r i b e d b y K a r i n K ok et a i . ( 1 9 8 2 ) , some bacterial 
strain can d e t o x i f y the n o t o r i o u s h e a v y m e t a l ion by the 
form a t i o n of c a d m i u m s u l p h i d e via the reduction of 
s u l p h a t e . O n the other h a n d , a c i t r o b a c t e r strain 
d e s c r i b e d by L . E . M a c a s k i e et a i . ( 1985 ) was able to 
remove c a d m i u m ions by the for m a t i o n of cad m i u m p h o s p h a t e 
v i a the a c t i v i t y of a m e m b r a n e bound p h o s p h a t a s e . A p a r t 
from them w e r e some species that could s y n t h e s i z e certain 
p r o t e i n to reduce the a v a i l a b i l i t y of cadmium ions by 
d i r e c t l y binding w i t h the e l e m e n t . 
The a b i l i t y of P. picketti lOOOA to a c c u m u l a t e 
cadmium is p a r t i c u l a r l y u n k n o w n . It m a y be achieved by 
one of the above or even by other m e a n s . The study w as 
initiated w i t h an attempt to investigate such m e c h a n i s m 
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lOOOA in m i n e r a l salt media of minimal g l u c o s e , s u l p h a t e 
or phosphate level were d e t e r m i n e d . In our w o r k , S D S - P A G E 
was used to s e p a r a t e the c e l l u l a r p r o t e i n s of the cells 
growing in the above m e d i a . Comparing the p r o t e i n 
p r o f i l e s among c u l t u r e s not supplemented with Cd+2 and 
those with Cd+2， some d i f f e r e n c e s were o b s e r v e d . At a h i g h 
cadmium l e v e l , the synthesis of certain p r o t e i n was 
inhibited and on the other hand the synthesis of at least 
one protein was i n d u c e d . These changes gave us some clues 
about the way through which the host cells achieved its 
resistance a g a i n s t the h i g h l y toxic e n v i r o n m e n t . Or m o r e , 
its ability of c a d m i u m a c c u m u l a t i o n might be the result 
of a functional adaptive response resembling the induced 
p r o d u c t i o n of a cadmium binding protein described by R . 
S • M i t r a , et al. (1981 ) or an enzyme to mediate the 
d e t o x i f i c a t i o n of cadmium ions (L. J. Michel , et al,, 
1985 ), On the o t h e r h a n d , they might only be a cadmium 
unrelated s p o n t a n e o u s result of the adaptation of this 
strain to the p o l l u t a n t . To clarify whether the missing 
or the induced p r o t e i n s p l a y any role in the adaptation 
s t r a t e g y , the SDS-PAGE d e t e r m i n a t i o n was repeated w i t h 
the m o d i f i c a t i o n that in diluted HCl was incubated 
with the samples before electrophoresis and 
a u t o r a d i o g r a p h y . An intense band of much lower m o l e c u l a r 
weight with r e l a t i v e l y much higher cadmium binding 
a b i l i t y was d e t e c t e d in both cadmium free and c a d m i u m 
added m e d i a . 
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B e s i d e s s e a r c h i n g for a cadmium binding p r o t e i n 
w h i c h was a s s u m e d to be important in the r e m o v a l of 
cadmium ions by the c e l l s , the r e l a t i o n s h i p among 
c a d m i u m , sulphate and p h o s p h a t e were also d e a l e d w i t h by 
means of d e t e r m i n i n g the c e l l u l a r c a d m i u m , sulphide and 
p h o s p h a t e c o n t e n t of c u l t u r e s in the r e l e v a n t m e d i a . 
L a t e r , the cadmium binding p r o t e i n d i s c o v e r e d above was 
found to p o s s e s s r e m a r k a b l e a f f i n i t y of ^^pQ^ as w e l l . 
T h r o u g h the results of those d e t e r m i n a t i o n s , the strain 
was b e l i e v e d to r e s e m b l e the observation of H a r r y et al• 
(1982 ) on a Klebsiella strain N C T G 418, w h i c h p o s s e s s e d 
both the c a d m i u m d e t o x i f i c a t i o n m e c h a n i s m s of formation 
of c a d m i u m p h o s p h a t e and reduction of sulphate into 
cadmium s u l p h i d e . B e s i d e s , evidence of p r e c i p i t a t e 
located around the cell e n v e l o p s of Strain lOOOA in 
cadmium loaded c u l t u r e s was observed during t r a n s m i s s i o n 
e l e c t r o m i c r o s c o p i c a l d e t e r m i n a t i o n . 
In the d e t e r m i n a t i o n of the d i s t r i b u t i o n of cadmium 
i n c o r p o r a t e d to the cells exposed to Cd+2 (i.e. Cd-
a c c o m m o d a t e d c e l l s ) was added to the culture during 
i n c u b a t i o n . The c u l t u r e sample was fractionated by the 
m e t h o d s m o d i f i e d from B i r n b o i m et al • ( 19 7 9) then the 
r a d i o a c t i v i t y in each fractions were d e t e c t e d to 
d e t e r m i n e w h e t h e r Cd+2 was m a i n l y incorporated to the cell 
e n v e l o p or the c y t o p l a s m of the c e l l s . The m a j o r i t y of 
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a c c u m u l a t e d c a d m i u m was found in the w a l l - m e m b r a n e 
fraction by o b s e r v i n g the d i s t r i b u t i o n of r a d i o a c t i v i t y 
i n c o r p o r a t e d . 
4•2 M a t e r i a l s and M e t h o d s : 
4-2.1 P r e p a r a t i o n of S o l u t i o n s and Reagents: 
C d S O” Ph o s p h a t e and C h l o r a m p h e n i c o l Stock S o l u t i o n 
w e r e p r e p a r e d as d e s c r i b e d p r e v i o u s l y . 
G l y c e r o l - 2 - p h o s p h a t e Stock Solution was p r e p a r e d by 
d i s s o l v i n g g'lycero — 2 — p h o s p h o r i c acid in 25 mM c i t r a t e 
buffer at pH 7,0 to give a solution of 0.4 mg 
P h o s p h o r u s / m l • 
Sulphide S t a n d a r d Solution was prepared by 
dissolving Na2S.9H2〇 (Riedel-de H a e n ) into d o u b l e 
d i s t i l l e d water and diluted to 2.00 to 30.0 n m o l / m l . T h i s 
standard solution had to be freshly prepared w i t h i n 3 
hours before use for a c c u r a c y . 
4.2.2 P r e p a r a t i o n of R e a g e n t s for SDS-PAGE: 
P r o t e i n R e a g e n t was prepared after the method of 
B r a d f o r d (1976). 20 mg Coomassie Brilliant Blue G-250 w a s 
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d i s s o l v e d in 10 ml of 95% e t h a n o l and added w i t h 20 m l of 
85% p h o s p h o r i c a c i d , then d i l u t e d to 200 m l w i t h 
d i s t i l l e d w a t e r and f i l t e r e d . 
A c r y l a m i d e / B i s S t o c k S o l u t i o n used c o n t a i n e d 2 9 . 2 % 
A c r y l a m i d e ( > 9 9 . 9 % , C a t . 1 6 1 - 0 1 0 1 , B i o - R a d L a b o r a t o r i e s , 
U . S . A . ) and 0.8% N,N，-Bis-methylene-acrylamide. It w a s 
filtered and s t o r e d at 4。C in the d a r k . 
S e p a r a t i n g G e l M i x t u r e w as p r e p a r e d in the 
following w a y : for 12% p o l y a c r y l amide g e l , 3.35 ml of 
di s t i l l e d w a t e r , 2.5 ml of 1.5 M . T r i s - H C l at pH 8 . 8， 100 
III of 10% SDS s t o c k and 4.0 ml of A c r y l a m i d e / B i s S t o c k 
were m i x e d and d e g a s e d at room t e m p e r a t u r e . Then 50 ul of 
10% f r e s h l y p r e p a r e d a m m o n i u m p e r s u l p h a t e and 5 ul of 
N，N，N,,N,-tetramethylethylenediamine (i.e. T E M E D ) w e r e 
a d d e d . 
S t a c k i n g G e l M i x t u r e w a s p r e p a r e d by mixing 6•1 ml 
of d i s t i l l e d w a t e r , 2.5 ml of 0.5 M T r i s - H C l at pH 6 . 8 , 
100 ul of 10% SDS stock and 1.3 ml of A c r y l a m i d e / B i s 
S t o c k and d e g a s e d at room t e m p e r a t u r e for 15 m i n . then 50 
ul of 10% f r e s h l y p r e p a r e d a m m o n i u m p e r s u l p h a t e and 10 ul 
of T E M E D were a d d e d . 
The S a m p l i n g B u f f e r (SDS Re d u c i n g B u f f e r ) u s e d 
c o n t a i n e d 3.0 m l of d i s t i l l e d w a t e r , 1.0 ml of 0.5 M 
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T r i s - H C l at pH 6.8, 0.8 ml of g l y c e r o l , 1.6 ml of 10% 
S D S , 0.4 ml of B - m e r c a p t o e t h a n o l and 0.2 ml of 0. 1% 
B r o m o p h e n o l B l u e . 
A n E l e c t r o p h o r e s i s C a l i b r a t i o n Kit (No. 1 7 - 0 4 4 6 - 0 1 , 
P h a r m a c i a Fine C h e m i c a l s A B , S w e d e n ) c o n t a i n i n g 
P h o s p h o r y l a s e b, B o v i n e Serum A l b u m i n , O v a l b u m i n , C a r b o n i c 
A n h y d r a s e , Soybean T r y s i n I n h i b i t o r and a - L a c t a l b u m i n w a s 
used as the M . W . p r o t e i n m a r k e r s . The subunit m o l e c u l a r 
w e i g h t s of the p r o t e i n s were 94, 67， 43, 30, 20.1 and 14.4 
k i l o d a l t o n s r e s p e c t i v e l y , 
4.2,3 R e c i p e s for Growing Cells: 
A . Batch Culture M e d i u m : 
Peptone M e d i u m m o d i f i e d from the batch culture 
m e d i u m described in p r e v i o u s chapter was u s e d . 
B . Glucose Limited M e d i u m (i.e. G( —））•• 
A m i n e r a l salt m e d i u m adopted and modified from 
A i k i n g et al• (1982 ) as described in the p r e v i o u s 
c h a p t e r . 
C . Sulphate Limited M e d i u m (S04(-)): 
Similar to G ( - ) m e d i u m except that sulphate is 
d e c r e a s e d to 0.1 mM w h i l s t glucose is increased to 50 m M . 
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D . P h o s p h a t e L i m i t e d M e d i u m (P04(-)); 
S i m i l a r to G( — ） m e d i u m execep七 that p h o s p h a t e is 
d e c r e a s e d to 0.05 mM w h i l s t g l u c o s e is i n c r e a s e d to 50 
m M . 
4.2.4 P r o t e i n D e t e r m i n a t i o n ; 
T h e B r a d f o r d ' s m e t h o d of p r o t e i n d e t e r m i n a t i o n w a s 
a d o p t e d . 0,2 m l p r o t e i n sample was m i x e d w i t h 2 ml 
p r o t e i n r e a g e n t and a b s o r b a n c e m e a s u r e d at 595 nra w i t h i n 
2 min to 1 h o u r , u s i n g b u f f e r as the b l a n k and BSA as the 
s t a n d a r d . 
4.2.5 E x a m i n a t i o n of C a d m i u m A c c o m m o d a t i o n in P. picketti lOOOA 
b y T r a n s m i s s i o n E l e c t r o n M i c r o s c o p e : 
P* picketti lOOOA was g r o w n s e p a r a t e l y in g l u c o s e 
l i m i t e d , s u l p h a t e l i m i t e d and p h o s p h a t e l i m i t e d m e d i a , 
e i t h e r c a d m i u m - f r e e or c a d m i u m - a c c o m m o d a t e d , at 
35,0±CK5。C w i t h a g i t a t i o n at 200 r . p . m . to late log 
p h a s e . 
P r e p a r a t i o n of cell s a m p l e s for e l e c t r o n 
m i c r o s c o p y w a s a d o p t e d from the m e t h o d d e s c r i b e d by 
A i k i n g H . , et al. ( 1982 ) . One drop of b a c t e r i a l 
s u s p e n s i o n w a s p l a c e d on a f o r m v a r - c o a t e d and t h e n 
c a r b o n - c o a t e d 400 m e s h c o p p e r grid and left for 30 
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s e c o n d s . The grid was b r i e f l y b l o t t e d w i t h filter p a p e r , 
rinsed w i t h a d r o p of d i s t i l l e d w a t e r and f i n a l l y blotted 
d r y . S p e c i m e n s w a s s c a n n e d w i t h a JEOL M o d e l J E M - 1 0 0 CX 
II t r a n s m i s s i o n e l e c t r o n m i c r o s c o p e at a beam v o l t a g e of 
8 0 k V . 
4.2.6 S D S - p o l y a c r y l a m i d e Gel E l e c t r o p h o r e t i c D e t e r m i n a t i o n of 
P r o t e i n P r o f i l e s : 
T h i s w a s a m o d i f i e d m e t h o d a f t e r L a e m m l i (1970). 
A . P r o t e i n S a m p l e s P r e p a r a t i o n ; 
凡 picketti lOOOA w a s g r o w n s e p a r a t e l y in g l u c o s e 
l i m i t e d , s u l p h a t e limited and p h o s p h a t e limited m e d i a , 
e i t h e r c a d m i u m - f r e e or c a d m i u m - a c c o m m o d a t e d , at 
35.0±0.5。C w i t h a g g i t a t i o n at 200 r . p . m . to s t a t i o n a r y 
p h a s e . C e l l s w e r e h a r v e s t e d by c e n t r i f u g a t i o n at 2500 
r.p.HK and for 15 m i n . and w a s h e d w i t h isotonic 
s a l i n e . The p e l l e t w a s then r e s u s p e n d e d and s o n i c a t e d . 
A f t e r c e n t r i f u g a t i o n , the s u p e r n a t a n t was c o n c e n t r a t e d in 
a speed v a c c u m l y o p h i l i s o r . The protein c o n c e n t r a t i o n of 
each c r u d e sample was m e a s u r e d through the m e t h o d of 
B r a d f o r d . A s a p r e p a r a t i o n of p r o t e i n samples for SDS 
e l e c t r o p h o r e s i s , 10 ul of each c o n c e n t r a t e d crude sample 
( at least 10 u g / u l ) was mixed with 20 ul of sampling 
b u f f e r . 10 ul of the low m o l e c u l a r w e i g h t p r o t e i n 
standard s o l u t i o n m i x e d w i t h 20 ul sampling buffer was 
109 
Determination of Cadmium Uptake Mechanism in P, picketti lOOOA 
used as the m o l e c u l a r w e i g h t m a r k e r , 
B , P r e p a r a t i o n of Gel: 
The two g l a s s p l a t e s of the e l e c t r o p h o r e s i s p a c k 
w e r e c l e a n e d , d r i e d , then held apart by three thin 
P e r s p e x s p a c e r s . The p l a t e a s s e m b l y w a s c l a m p e d then 
sealed by d r i p p i n g m o l t e n 1% a g a r a r r o u n d the e d g e s . 
S e p a r a t i n g gel m i x t u r e w a s added to the a s s e m b l y w h i c h 
was held v e r t i c a l l y u n t i l the liquid level r e a c h e d 35 匪 
below the n o t c h of the front p l a t e . 2ml of w a t e r was 
a d d e d c a r e f u l l y to the top of the gel m i x t u r e w i t h o u t 
d i s t r u b i n g the s m o o t h interface b e t w e e n the o v e r l a y and 
the m i x t u r e . 
A f t e r p o l y m e r i z a t i o n , the o v e r l a y was p o u r e d o f f . 
A small v o l u m e of the s t a c k i n g gel m i x t u r e was used to 
rinse the s u r f a c e of the r e s o l v i n g gel then p o u r e d o f f . 
S u b s e q u e n t l y , the r e m a i n i n g space in the glass p l a t e s was 
filled w i t h stacking gel m i x t u r e and a c o m b with suitable 
t h i c k n e s s w a s inserted i m m e d i a t e l y into the m i x t u r e 
w i t h o u t t r a p p i n g any air bubbles beneath it. 
C . Sample L o a d i n g and E l e c t r o p h o r e s i s : 
A f t e r p o l y m e r i z a t i o n , the spacer on the base was 
r e m o v e d and the gel s a n d w i c h was c l a m p e d on the 
e l e c t r o p h o r e s i s a p p a r a t u s w i t h the notch aligned w i t h 七 h e 
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e d g e Of the u p p e r r e s e r v i o r . R u n n i n g b u f f e r w a s t h e n 
a d d e d to t h e l o w e r r e s e r v i o r . I n s t e a d of g e t t i n g rid of 
a i r b u b b l e s t r a p p e d at the b o t t o m of the g e l w i t h a be n t 
t i p s y r i n g e , t h e y w e r e e x p e l l e d e a s i l y by i n c l i n i n g the 
e l e c t r o p h o r e s i s a p p a r a t u s . T he c o m b w a s th e n r e m o v e d 
c a r e f u l l y a f t e r t he n o t c h had be e n o v e r f l o w n by r u n n i n g 
b u f f e r a d d e d to the u p p e r r e s e r v i o r , in w h i c h w a y b u b b l e s 
t r a p p e d in the w e l l s b y the r e m o v a l of c o m b b e f o r e 
s u b m e r g i n g the n o t c h c o u l d be a v o i d e d . A f t e r a ll s a m p l e s 
a n d s t a n d a r d m a r k e r s w e r e a p p l i e d , the electrophoresis 
w a s r un w i t h an E l e c t r o p h o r e s i s P o w e r S u p p l y ( P h a r m a c i a ) 
at a c o n s t a n t c u r r e n t u n t i l the dye had run n e a r the 
l o w e r e d g e of the g e l . 
D . S t a i n i n g and D e s t a i n i n g : 
A f t e r r e c o r d i n g t he l e n g t h s of the r e c o v e r e d gel 
and the d i s t a n c e of the d y e to the top of the g e l , the 
gel w a s p l a c e d into s t a i n s o l u t i o n and s h a k e n s l o w l y for 
1一2 h o u r s . T h e n the g e l w a s s h a k e n s l o w l y in d e s t a i n i n g 
s o l u t i o n o v e r n i g h t . 
4 . 2 . 7 P h o s p h a t a s e A s s a y : 
T h e e s t i m a t i o n w a s a d o p t e d from the m e t h o d 
d e s c r i b e d by W . S . P i e r p o i n t ( 1 9 5 7 ) . The p h o s p h a t a s e 
a c t i v i t y w a s d e t e r m i n e d in t e r m s of the i n o r g a n i c 
o r t h o p h o s p h a t e l i b e r a t e d . In our e x p e r i m e n t , e q u a l 
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a m o u n t s of fresh C d - a c c o m m o d a t e d cell s u s p e n s i o n at 
s t a t i o n a r y p h a s e w e r e c e n t r i f u g e d and w a s h e d a f t e r the 
d i s p o s a l of s u p e r n a t a n t s . The cells w e r e r e s u s p e n d e d in 
4 ml of 25 mM c i t r a t e b u f f e r at pH 7.0 c o n t a i n i n g 
g l y c e r o - 2 - p h o s p h a t e (0.4 mg of P / m l ) and 20 ppm and 
i n c u b a t e d at 35。C for 2 h o u r s . The r e a c t i o n w a s stopped 
and p r o t e i n s r e m o v e d by the a d d i t i o n of 0.5 ml of 30% 
t r i c h l o r o a c e t i c a c i d . A f t e r c e n t r i f u g a t i o n , the 
o r t h o p h o s p h a t e and c a d m i u m c o n t e n t s were a n a l y s e d . 
4.2.8 O r t h o p h o s p h a t e E s t i m a t i o n : 
The d e t e r m i n a t i o n of p h o s p h a t e was done according 
to the m e t h o d d e s c r i b e d by H o l d e n & Pirie (1955). 1 ml of 
s u p e r n a t a n t w a s p i p e t t e d into 5 ml of 2N sulphuric a c i d . 
1 ml of 7,5% a m m o n i u m m o l y b d a t e and 2 ml of w a t e r were 
a d d e d . The s o l u t i o n was s h a k e n w e l l before and during the 
a d d i t i o n of 1 ml of f r e s h l y p r e p a r e d 0.2% stannous 
c h l o r i d e and a f t e r s e v e r a l m i n u t e s the colour was 
c o m p a r e d w i t h a series of s t a n d a r d s of 0 to 1.0 mM 
P h o s p h a t e t h r o u g h a v i s u a l p a t h U n our c a s e , 665 nm was 
o p t i m u m ) w i t h a UV-240 s p e c t r o m e t e r (Shimadzu). 
4.2.9 S u l p h i d e A n a l y s i s : 
B a s e d on the m e t h o d of King and M o r r i s ( 1 9 6 7 ) ， 
inorganic sulphide was d e t e r m i n e d by incubating 2 ml 
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w a s h e d c e l l s u s p e n s i o n w i t h 0.5 ml of 30% (w/v) Na〇H at 
95。C for 15 m i n . A f t e r c o o l i n g � 200 ul of the e x t r a c t w a s 
v i g o r o u s l y s h a k e n w i t h 200 ul of d i s t i l l e d w a t e r and 250 
ul of 2.6% (w/v) zinc a c e t a t e for 1 m i n . at room 
t e m p e r a t u r e . A f t e r the a d d i t i o n of 125 ul of 0.1% (w/v) 
iV,iV-diinethyl-p-phenylenediamine m o n o h y d r o c h l o r i d e in 5 M 
H C l , the m i x t u r e w a s shaken u n t i l clear and 50 ul of 
0.0115 M FeClg in 0.8 M H C l was a d d e d , and 七he c o n t e n t w a s 
m i x e d for 1 m i n . and incubated at room t e m p e r a t u r e for 30 
m i n . F i n a l l y , 425 ul of d i s t i l l e d w a t e r w a s added and the 
s u s p e n s i o n w a s m i x e d and c e n t r i f u g e d for 1 m i n . in a 
m i c r o f u g e at 12,000 g . .Samples w e r e read 
s p e c t r o p h o t o m e t r i c a l l y for m e t h y l e n e blue c o n t e n t at 668 
nm a g a i n s t a c a l i b r a t i o n series c o n t a i n i n g 0 to 20 n m o l 
of Na2S p e r s a m p l e . 
4.2.10 C a d m i u m A n a l y s i s : 
C a d m i u m c o n t e n t s in cells were d e t e r m i n e d w i t h the 
m e t h o d d e s c r i b e d in 2 . 2 . 9 . 
4.2.11 C d - b i n d i n g D e t e r m i n a t i o n t h r o u g h C o l u m n S e p a r a t i o n : 
B o t h the c a d m i u m - f r e e or c a d m i u m - a c c o m m o d a t e d 
c u l t u r e s of P. picketti lOOOA growing at e a r l y log p h a s e 
in g l u c o s e l i m i t e d medium were s u p p l e m e n t e d w i t h in 
form of CdCl2 in d i l . HCl (Du P o n t ) and r e - i n c u b a t e d at 
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35.0±(K5。C w i t h a g i t a t i o n u n t i l s t a t i o n a r y p h a s e . Cells 
were h a r v e s t e d by c e n t r i f u g a t i o n at 2500 r . p . m . for 20 
mill. and w a s h e d twice w i t h isotonic saline till 
r a d i o a c t i v i t y r e a c h e d e q u i l i b r i u m . The p e l l e t was then 
r e s u s p e n d e d in isotonic saline and s o n i c a t e d . A f t e r 
c e n t r i f u g a t i o n , the s u p e r n a t a n t s were c o n c e n t r a t e d in a 
speed v a c c u m l y o p h i l i s o r . Each c o n c e n t r a t e d sample was 
a p p l i e d to a ① 10 x 940 c o l u m n of S e p h a d e x G-lOO agarose 
p r e - e q u i l i b r a t e d w i t h 10 mM T r i s - H C l at pH 7.0 c o n t a i n i n g 
0.05 M N a C l (a m o d i f i e d m e t h o d a f t e r M i t r a , et a l . , 1975 ) 
and was e l u t e d w i t h the same b u f f e r in 2—ml fractions at 
a flow of 10 m l / c m V h r . The r a d i o a c t i v i t y of separate 
f r a c t i o n s was m e a s u r e d w i t h a G a m m a m a t i c 11 gamma 
c o u n t i n g system (Kontron) w i t h a window covering 88 k e V . 
4 . 2 . 12 C d - b i n d i n g D e t e r m i n a t i o n t h r o u g h SDS E l e c t r o p h o r e s i s : 
P . picketti lOOOA was g r o w n s e p a r a t e l y in glucose 
l i m i t e d , s u l p h a t e limited and p h o s p h a t e limited m e d i a , 
e i t h e r s u p p l e m e n t e d with (i.e. c a d m i u m - a c c m m o d a t e d ) or 
w i t h o u t c a d m i u m (i.e. c a d m i u m - f r e e ) , at 35.0±0.5°C wit h 
a g i t a t i o n to late log p h a s e . Cells were h a r v e s t e d at 
s t a t i o n a r y p h a s e , w a s h e d , r e s u s p e n d e d and s o n i c a t e d . 
A f t e r C G n t r i f u g a t i o n and the s u p e r n a t a n t s c o n c e n t r a t e d in 
a speed vaccum l y o p h i l i s o r , equal amounts of ^^^Cd'^ 
labelled c o n c e n t r a t e d p r o t e i n samples as well as p r o t e i n 
m a r k e r w e r e applied to separate w e l l s and the o p e r a t i o n 
114 
Determination of Cadmium Uptake Mechanism in P. picketti lOOOA ， 
職 s run at c o n s t a n t v o l t a g e . T h e n each lane was cut out 
and sliced e v e n l y to 1 麵 t h i c k . The r a d i o a c t i v i t i e s of 
the slices w e r e m e a s u r e d s e p a r a t e l y . 
A n a l t e r n a t i v e d e t e c t i n g m e t h o d s was done by 
drying the gel for a u t o r a d i o g r a p h y on a F u j i c a X - r a y filni 
at - 7(rc for 3 to 6 d a y s followed by d e n s i t o m e t r i c 
歸 a s u r e m e n t of e a c h lane d e v e l o p e d on the film with a 
2202 U l t r o s c a n L a s e r D e n s i t o m e t e r (LKB, B r o m m a ) and a 
2210 1 - C h a n n e l R e c o r d e r (LKB). 
4.2,13 D e t e r m i n a t i o n of C a d m i u m D i s t r i b u t i o n of Cells: 
C e l l s w e r e incubated in 20 ml of c a d m i u m added 
P e p t o n e M e d i u m and ^^^CdCl^ was s u p p l e m e n t e d . 0.5 ml of 
each of the cell s a m p l e s at late log phase was taken and 
而 s h e d twice in isotonic s a l i n e . The lysis m e t h o d s were 
a m o d i f i c a t i o n of the a l k a l i n e lysis method described by 
Birnboim， et al. (1979) and that by Inga M a h l e r and Ying 
W a n g , et al • (1986). The washed p e l l e t s were either 
r e s u s p e n d e d in d i s t i l l e d w a t e r , 10 mM EDTA for 10 m i n . , 
10 mM EDTA plus 20 m g / m l lysozyme at pH 8 and 37。C for 30 
m i n . , 20 mg/ml l y s o z y m e at pH 8 at 37^C for 30 m i n . , 1% 
SDS for 5 m i n . , or resuspended and sonified in isotonic 
s a l i n e . A f t e r c e n t r i f u g a t i o n at 6,000 g for 5 min., the 
r a d i o a c t i v i t i e s of the s u p e r n a t a n t s and pellets were 
m e a s u r e d s e p a r a t e l y with a gamma c o u n t e r . 
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4.3 R e s u l t : 
4.3.1 S D S - P A G E D e t e r m i n a t i o n of P r o t e i n P r o f i l e s of P, picketti 
1 0 0 0 : 
In the S D S - P A G E d e t e r m i n a t i o n of p r o t e i n p r o f i l e s 
of P. picketti lOOOA in m i n e r a l salt m e d i a of m i n i m a l 
g l u c o s e , s u l p h a t e or p h o s p h a t e level r e s p e c t i v e l y , 
s i m i l a r p a t t e r n s of p r o t e i n p r o f i l e s of P, picketti lOOOA 
in c a d m i u m free and 4 ppm Cd+2 loaded s u l p h a t e limited 
m e d i u m (Lanes 5 and 6 in F i g . 4-1 ) was o b s e r v e d . H o w e v e r , 
c o m p a r i n g its p r o t e i n p r o f i l e e x h i b i t e d in the m e d i u m 
s u p p l e m e n t e d w i t h 40 ppm Cd+2 and that w i t h 4 ppm Cd+2，an 
o r d i n a r i l y e x i s t i n g band at the m o l e c u l a r w e i g h t of 
a p p r o x i m a t e l y 27 k i l o d a l t o n s {band A in Lane 7 of F i g . 4-
1) w a s m i s s i n g . On the o t h e r h a n d , an e x t r a band was 
found s o m e w h e r e u p w a r d (band B in Lane 7 of Fig 4-1)• 
B e s i d e s , the e m e r g e n c e of an e x t r a band of 31 
k i l o d a l t o n s (band C in Lanes 3 & 4 of F i g . 4 - 2 ) was also 
w i t n e s s e d in the p r o t e i n p r o f i l e s of cells from Cd-
s u p p l e m e n t e d p h o s p h a t e l i m i t e d m e d i a . Unlike the case of 
sulphate limited m e d i u m , this extra band existed even at 
a 4 p p m . This showed that the r e l e v a n t p r o t e i n was 
induced even at a low c a d m i u m l e v e l . F u r t h e r m o r e , no 
d i s a p p e a r a n c e of band in the p r o t e i n p r o f i l e s of Cd-
s u p p l e m e n t e d p h o s p h a t e limited (i,e, PO4( - ) ) c u l t u r e s was 
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F i g . 4-1, S D S - p o l y a c r y l a m i d e Gel E l e c t r o p h o r e t i c 
D e t e r m i n a t i o n of P r o t e i n P r o f i l e s : 
The d e t e r m i n a t i o n m e t h o d w a s a d o p t e d from L a e m m l i (1970). 
凡 p i c k e t t i lOOOA was g r o w n s e p a r a t e l y in g l u c o s e limited 
or s u l p h a t e l i m i t e d media， e i t h e r s u p p l e m e n t e d w i t h or 
w i t h o u t c a d m i u m , at 35.0±0.5^C with a g i t a t i o n to 
s t a t i o n a r y p h a s e . Cells w e r e h a r v e s t e d by c e n t r i f u g a t i o n 
at 5。C and w a s h e d w i t h isotonic s a l i n e . The p e l l e t was 
then r e s u s p e n d e d and s o n i c a t e d . A f t e r c e n t r i f u g a t i o n , the 
s u p e r n a t a n t was c o n c e n t r a t e d in a speed v a c c u m 
l y o p h i l i s o r . E q u a l a m o u n t s of p r o t e i n samples and of a 
low m o l e c u l a r w e i g h t p r o t e i n standard (No, 1 7 - 0 0 4 6 - 0 1 , 
P h a r m a c i a ) as the m o l e c u l a r w e i g h t m a r k e r w e r e applied to 
the S D S - P A G E run with an E l e c t r o p h o r e s i s P o w e r S u p p l y 
( P h a r m a c i a ) at c o n s t a n t c u r r e n t . 
Lane 1: P r o t e i n M a r k e r s 
Lanes 2， 3 & 4: G l u c o s e l i m i t e d c u l t u r e s s u p p l e m e n t e d 
w i t h 0, 4 and 40 ppm Cd^^ r e s p e c t i v e l y 
Lanes 5， 6 & 7: S u l p h a t e limited cultures s u p p l e m e n t e d 
w i t h 0, 4 and 40 ppm Cd+2 r e s p e c t i v e l y 
A: Induced band 
B: M i s s i n g band 
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F i g . 4 - 2 . S D S - p o l y a c r y l a m i d e Gel E l e c t r o p h o r e t i c 
D e t e r m i n a t i o n of P r o t e i n P r o f i l e s : 
Strain lOOOA was grown in p h o s p h a t e limited m e d i u m either 
s u p p l e m e n t e d with or w i t h o u t C d - . O t h e r d e t e r m i n a t i o n 
c o n d i t i o n s w e r e the same as in F i g . 4-1. 
Lanes 1 & 5: P r o t e i n M a r k e r s 
Lanes 2, 3 & 4: P h o s p h a t e limited c u l t u r e s s u p p l e m e n t e d 
w i t h 0, 4 and 40 ppm CcT^ r e s p e c t i v e l y 
Lane 6; B o v i n e Serum A l b u m i n 
C : Induced band 
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o b s e r v e d . 
In a d d i t i o n , no observable difference among p r o t e i n 
p r o f i l e s of C d - f r e e and C d - s u p p l e m e n t e d glucose l i m i t e d 
cultures w a s f o u n d . 
4.3.2 D e t e r m i n a t i o n of C d — b i n d i n g Protein of P, picketti 1OOOA: 
In o r d e r to figure out whether the changes in 
p r o t e i n p r o f i l e s in the previous experiment were 
f u n c t i o n a l r e s p o n s e s of the cells to remove c a d m i u m ions 
from the m e d i a , a sample of proteins extracted from the 
cells g r o w n in cadmium added glucose limited c u l t u r e s 
d e s c r i b e d in the p r e v i o u s experiment was s u p p l e m e n t e d 
w i t h 1 卯Cd+2 b e f o r e being applied to a column of S e p h a d e x 
G-50 for s e p a r a t i o n . This adoptation made chasing the 
trace e l e m e n t incorporated into the fractions more 
e f f e c t i v e . M o s t of the radioactive isotopes were 
a s s o c i a t e d w i t h those m o l e c u l e s with sizes ranging from 
16,000 to 8,000 d a l t o n s . 
In that s e p a r a t i o n , h o w e v e r , the resolution of the 
c a d m i u m b i n d i n g component was not good enough to obtain 
a sharp p e a k so it was difficult to estimate its 
m o l e c u l a r w e i g h t more a c c u r a t e l y . 
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As a r e s u l t , S D S - P A G E was e m p l o y e d a g a i n to a c h i e v e 
a b e t t e r r e s o l u t i o n , w i t h the m o d i f i c a t i o n that io^CdCi^ 
w a s i n c u b a t e d w i t h the e x t r a c t s b e f o r e s a m p l e l o a d i n g . 
A f t e r e l e c t r o p h o r e s i s , each lane w a s cut out and s l i c e d 
for r a d i o a c t i v i t y m e a s u r e m e n t . The r e s o l u t i o n w a s o n l y 
s l i g h t l y i m p r o v e d . The e s t i m a t e d s i z e s of the c a d m i u m 
b i n d i n g c o m p o n e n t s w a s n a r r o w e d to a r o u n d 10,000 to 
1 4 � 4 0 0 d a l t o n s (data not s h o w n ) . H o w e v e r , it w a s still 
too c r u d e to t e l l w h e t h e r t h e r e w e r e a n y d i f f e r e n c e in 
the p r o t e i n p r o f i l e r e s p o n s i b l e for c a d m i u m b i n d i n g . 
Besides， s i g n i f i c a n t n o i s e m i g h t h a v e b e e n i n t r o d u c e d by 
s l i c i n g the gel u n e v e n l y . 
To o v e r c o m e this l i m i t a t i o n , a n o t h e r trial w a s 
p e r f o r m e d s i m i l a r l y , e x c e p t that a f t e r e l e c t r o p h o r e s i s , 
the w h o l e gel w a s d r i e d for a u t o r a d i o g r a p h y and 
d e n s i t o m e t r i c m e a s u r e m e n t i n s t e a d of b e i n g cut and 
s l i c e d . T h i s a d o p t a t i o n m a d e d e t e c t i n g the trace e l e m e n t 
on the S D S - p o 1 y a c r y 1 a m i d e gel m o r e e f f e c t i v e . 
As s h o w n on the a u t o r a d i o g r a p h of the l a b e l l e d SDS-
P A G E gel (Fig. 4 - 3 ) , an intense band of a p p r o x i m a t e l y 
14.3 k i l o d a l t o n s w a s seen in e a c h l a n e , i n d i c a t i n g that 
at l e a s t one p r o t e i n of r a l a t i v e l y m u c h h i g h e r Cd b i n d i n g 
a f f i n i t y e x i s t e d in the c e l l s of both C d - f r e e and Cd-
s u p p l e m e n t e d c u l t u r e s , no m a t t e r g l u c o s e limited， 
s u l p h a t e l i m i t e d or p h o s p h a t e l i m i t e d . In a d d i t i o n , by 
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F i g , 4 - 3 . D e t e r m i n a t i o n of C a d m i u m B i n d i n g P r o t e i n 
t h r o u g h S D S - P A G E : 
P . p i c k e t t i lOOOA grown s e p a r a t e l y in g l u c o s e l i m i t e d , 
s u l p h a t e l i m i t e d and p h o s p h a t e limited m e d i a , e i t h e r 
s u p p l e m e n t e d w i t h or w i t h o u t c a d m i u m , w a s h a r v e s t e d at 
s t a t i o n a r y p h a s e , w a s h e d , r e s u s p e n d e d and s o n i c a t e d . 
A f t e r c e n t r i f u g a t i o n and the s u p e r n a t a n t s c o n c e n t r a t e d 
in a speed v a c c u m l y o p h i l i s o r , equal a m o u n t s of ^^^Cd^^ 
l a b e l l e d c o n c e n t r a t e d p r o t e i n samples as w e l l as 
p r o t e i n m a r k e r w e r e a p p l i e d to s e p a r a t e w e l l s and the 
S D S - P A G E o p e r a t i o n was run at c o n s t a n t v o l t a g e . The gel 
was dried for a u t o r a d i o g r a p h y on a F u j i c a X - r a y film at 
一 7 0 。 C for 4 to 6 d a y s . The lane loaded w i t h p r o t e i n 
m a r k e r s was cut off and stained by c o n v e n t i o n a l method 
( L a e m m l i , 1 9 7 9 ) . 
Lanes 1， 2 & 3: G l u c o s e limited c u l t u r e s supplemented 
w i t h 0, 4 and 40 ppm Cd+2 r e s p e c t i v e l y 
Lanes 4， 5 & 6: S u l p h a t e limited c u l t u r e s supplemented 
w i t h 0， 4 and 40 ppm Cd+2 r e s p e c t i v e l y 
Lanes 7, 8 & 9: P h o s p h a t e limited cultures s u p p l e m e n t e d 
w i t h 0, 4 and 40 ppm Cd+2 r e s p e c t i v e l y 
123 





- 4 3 
_ 30 
- 2 0 . 1 
- 1 4 . 3 
k d 





Determination of Cad™鴻 Uptake .echan.s. .n P. 一 t i 1000. 
F i g s . 4-4 , 4-5 and 4 - 6 . D e t e r m i n a t ion of C a d m i u m - and 
P h o s p h a t e - b i n d i n g p r o t e i n ( s ) of P. picketti lOOOA grown in 
g l u c o s e l i m i t e d , s u l p h a t e limited or p h o s p h a t e limited 
m e d i u m t h r o u g h S D S - P A G E : 
By r e p e a t i n g the p r o c e d u r e s in F i g . 4-3’ lo^cd^^, ^^pQ^ or 
35SO4 was a p p l i e d to the p r o t e i n s a m p l e s . A f t e r SDS-PAGE 
w a s c o m p l e t e d , the gels w e r e dried for a u t o r a d i o g r a p h y and 
d e n s i t o m e t r i c m e a s u r e m e n t of each lane on the d e v e l o p e d X-
ray films was p e r f o r m e d w i t h a 2202 U l t r o s c a n Laser 
D e n s i t o m e t e r (LKB, B r o m m a ) . 
125 
Determination of Cadaiu. Uptake Mechanism in P. picketti lOOOA 
9 
c 已 A 
J[ jy A 
F E 
‘ 
I . 1 I 
I “ “ ‘ I r^ I 1 » >—I—？ ~ 1 1 1 1——I 1 
—i 一 ， 
5 3 s ^ 工 t g 5 § ^ 2 § ^ 
A , B & C: D e n s i t o m e t r i c d e t e r m i n a t i o n of the a u t o r a d i o g r a p h s 
of ''P-labelled p r o t e i n samples from glucose limited m e d i a 
s u p p l e m e n t e d w i t h 0, 4 and 40 ppm Cd^^ r e s p e c t i v e l y 
D , E & F: D e n s i t o m e t r i c d e t e r m i n a t i o n of the a u t o r a d i o g r a p h s 
of,i。9cd-labelled p r o t e i n samples from glucose limited m e d i a 
s u p p l e m e n t e d w i t h 0， 4 and 40 ppm Cd+2 
Kd ； k i l o d a l t o n s . 
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A , B & C: D e n s i t o m e t r i c d e t e r m i n a t i o n of the a u t o r a d i o g r a p h s 
of 32p一labelled p r o t e i n s a m p l e s from s u l p h a t e l i m i t e d m e d i a 
s u p p l e m e n t e d w i t h 0 , 4 and 40 p p m Cd+2 r e s p e c t i v e l y 
D , E & F: D e n s i t o m e t r i c d e t e r m i n a t i o n of the a u t o r a d i o g r a p h s 
of i°9cd-labelled p r o t e i n s a m p l e s from s u l p h a t e l i m i t e d m e d i a 
s u p p l e m e n t e d w i t h 0， 4 and 40 p p m Cd^^ 
Kd : k i l o d a l t o n s -
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A , B & C: D e n s i t o m e t r i c determination of the autoradiographs 
of 32p一labelled protein samples from phosphate limited media 
supplemented with 0， 4 and 40 ppm Cd+2 respectively 
D , E &. F: D e n s i t o m e t r i c determination of the autoradiographs 
of i09cd-iabelled protein samples from phosphate limited 
m e d i a supplemented with 0， 4 and 40 ppm Cd+2 
Kd : kilodaltons . 
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Fig.. 4 - 7 . D e t e r m i n a t i o n of S u l p h a t e - b i n d i n g p r o t e i n ( s ) of 
凡 picketti l O O O A g r o w n in g l u c o s e l i m i t e d , s u l p h a t e 
limited or phosphate limited medium through SDS-PAGE: 
B y repeating the procedures in F i g . 4-3， ^^SO^ in form of 
Na^SO, ( A m e r s h a m ) i n s t e a d of � C c T Z 删 a p p l i e d e v e n l y to 
eq u a l a m o u n t s of the p r o t e i n c o n c e n t r a t e s . A l l the s a m p l e s 
as w e l l as a low M . W . p r o t e i n m a r k e r ( P h a r m a c i a ) were 
t h e n a p p l i e d to S D S - p o l y a c r y l a m i d e gel e l e c t r o p h o r e s i s 
w i t h Laemmli，s m e t h o d ( 1 9 7 0 ) . A f t e r e l e c t r o p h o r e s i s , the 
p r o t e i n m a r k e r lane w as cut out and s t a i n e d w h e r e a s the 
r e s t of the g e l w a s d r i e d for a u t o r a d i o g r a p h y on a F u j i c a 
X - r a y film at - 7 0 ^ C for 6 d a y s . 
L a n e s 1 to 9 w e r e as in Fig. 4 - 3 . 
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repeating the e x p e r i m e n t w i t h the m o d i f i c a t i o n that 32p 
(in form of PO^ ) or ^^S (in form of SO,) was used instead 
of i。9cd， they were also found to possess h i g h p h o s p h a t e -
(Fig, 4 - 4 , 4-5 & 4 - 6 ) and s u l p h a t e - b i n d i n g a f f i n i t y (Fig. 
4 - 7 ) . They were several times smaller than the c a d m i u m 
binding p r o t e i n of m o l e c u l a r weight 39,000 d a l t o n s 
resolved from the p r o t e i n extract of a E. coli strain 
through a S e p h a d e x G-lOO column by M . B , K h a z a e l i et al. 
( 1 9 8 1 )， a n d were even smaller than the 30,000 d a l t o n 
specific c a d m i u m binding m e t a l l o t h i o n e i n in rat testes 
reported by C h e n , et al , (1975 ), but were e x a c t l y of the 
same size of the c a d m i u m induced p r o t e i n found in K. 
aerogenes NCTC 418 (Aiking et al •，1985) and the c a d m i u m 
binding p o l y p e p t i d e found in some Bacillus strains from 
the Great S i p p e w i s s e t t M a r s h and from B o s t o n H a r b o r (Inga 
et al.，1986 ) • 
4.3.3 D e t e r m i n a t i o n of the R e l a t i o n s h i p of C e l l u l a r C a d m i u m , 
Sulphide and P h o s p h a t e : 
In the d e t e r m i n a t i o n of c a d m i u m , sulphide and 
phosphate content of cells in glucose l i m i t e d , sulphate 
limited and p h o s p h a t e limited media supplemented with 
Cd+2， the increase in c e l l u l a r cadmium content w a s 
greatest for cells in glucose limited medium and smallest 
for cells in p h o s p h a t e limited medium (Fig. 4 - 8 ) . 
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M e d i a : 
S t r a i n lOOOA w a s grown in g l u c o s e l i m i t e d , sulphate 
l i m i t e d and p h o s p h a t e limited m e d i a at the same 
c o n d i t i o n as in 4 . 2 . 1 2 , E q u a l a m o u n t s of cell samples 
c o l l e c t e d at s t a t i o n a r y phase w e r e w a s h e d w i t h 
isotonic s a l i n e and then the c e l l u l a r c a d m i u m c o n t e n t s 
were m e a s u r e d t h r o u g h flame A A S as d e s c r i b e d in 2 . 2 . 9 , 
I， 11: S a m p l e s from g l u c o s e limited m e d i a s u p p l e m e n t e d 
w i t h 4 and 40 ppm Cd+2 r e s p e c t i v e l y 
III， IV: S a m p l e s from s u l p h a t e limited m e d i a of 4 and 
40 ppm Cd+2 r e s p e c t i v e l y 
V， VI: S a m p l e s from p h o s p h a t e limited m e d i a of 4 and 
40 ppm C'd+2 r e s p e c t i v e l y 
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B e s i d e s , it was found that the p h o s p h a t e c o n t e n t s 
of the cells in all the three types of m i n e r a l salt m e d i a 
were found to be c o n s i d e r a b l y increased when 40 ppm Cd+2 
was added (Fig. 4 - 9 ) , Significant increases were also 
o b t a i n e d even w h e n a dose of only 4 ppm Cci+2 was u s e d . 
On the other h a n d , d i f f e r e n t p a t t e r n s of v a r i a t i o n 
among the c e l l u l a r sulphide contents of the above types 
of m e d i a were recorded (Fig. 4 - 1 0 ) . In cadmium 
s u p p l e m e n t e d glucose limited m e d i a , the p e r c e n t a g e 
increases in c e l l u l a r sulphide content (16% increase w h e n 
4 ppm Cd+2 was added and 78% increase w h e n 40 ppm Cd+2 was 
a d d e d ) were again significant but were less than those of 
p h o s p h a t e (68 and 132% for 4 ppm and 40 ppm Cd+2 
r e s p e c t i v e l y ) . M o r e o v e r , the sulphide contents in 
sulphate limited media were found to be g e n e r a l l y 
u n c h a n g e d , even w h e n 40 ppm Cd^^ � a d d e d . In c o n t r a s t , 
the amount of sulphide in cells was doubled in p h o s p h a t e 
limited m e d i u m supplemented with 4 ppm Cd+2 and w h e n the 
cadmium ion level was further raised to 40 p p m , a even 
much m o r e drastic increase was m e a s u r e d . 
N o t i n g that the increase of cellular phosphate in 
cadmium added m e d i a was g r e a t e r in sulphate limited 
m e d i u m and smaller in phosphate limited m e d i u m , and that 
c e l l u l a r sulphide was only increased in the l a t t e r , it 
was likely that the strain possessed both cadmium 
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F i g . 4 - 9 . P h o s p h a t e C o n t e n t in C e l l s G r o w n in 
D i f f e r e n t M e d i a : 
C e l l s a m p l e s w e r e p r e p a r e d as in Fig . 4 - 7 . 1 ml of 
s a m p l e w a s p i p p e t t e d into 5 ml of 2n s u l p h u r i c a c i d . 
1 ml of 7. 5% a m m o n i u m roolybdate and 2 ml of w a t e r w e r e 
a d d e d . S e v e r a l m i n u t e s a f t e r the a d d i t i o n of 1 ml of 
f r e s h l y p r e p a r e d 0 . 2% s t a n n o u s c h l o r i d e , O . D . of the 
s a m p l e s w a s m e a s u r e d a g a i n s t s t a n d a r d s of 0 to 1.0 mM 
p h o s p h a t e (Holden & P i r i e , 195 5 ). 
I? 11 & III: S a m p l e s from g l u c o s e l i m i t e d m e d i a 
s u p p l e m e n t e d w i t h 0 , 4 and 40 p p m Cd+2 r e s p e c t i v e l y 
I V , V & VI: S a m p l e s from s u l p h a t e l i m i t e d m e d i a of 0， 
4 and 40 p p m Cd+2 r e s p e c t i v e l y 
V I I， V I I I k IX: S a m p l e s from p h o s p h a t e l i m i t e d m e d i a 
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F i g . 4 - 1 0 . S u l p h i d e C o n t e n t in C e l l s G r o w n in 
D i f f e r e n t M e d i a : 
Cell s a m p l e s w e r e p r e p a r e d as in F i g . 4-7 • They were 
h e a t e d at 95 ^ C w i t h 6% NaOH for 15 m i n . Then the 
e x t r a c t s was v i g o r o u s l y shaken w i t h zinc a c e t a t e for 
1 min at room t e m p e r a t u r e before the a d d i t i o n of N ’ N-
d i m e t h y l - p - p h e n y l e n e d i a m i n e - H C l and FeCl3. A f t e r 30 
m i n . , the m i x t u r e s w e r e c e n t r i f u g e d and the 
s u p e r n a t a n t s w e r e read at 665 nm a g a i n s t freshly 
p r e p a r e d Na^S s t a n d a r d s (King and M o r r i s , 1 9 6 7 ) . 
I J 11 & III: S a m p l e s from glucose limited m e d i a 
s u p p l e m e n t e d w i t h 0， 4 and 40 ppm Cd+2 r e s p e c t i v e l y 
IV， V & VT: S a m p l e s from sulphate limited m e d i a of 0, 
4 and 40 ppm Cd+2 r e s p e c t i v e l y 
VII， V I I I & IX: S a m p l e s from p h o s p h a t e limited media 
of 0， 4 and 40 ppm Cd+2 r e s p e c t i v e l y 
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p h o s p h a t e f o r m a t i o n and cadmium sulphide formation 
systems for the removal of cadmium ions as the 
K.aerogenes NCTC 418 d i d . They were s e e m i n g l y two 
separate but c o - e x i s t i n g w a y s towards the d e t o x i f i c a t i o n 
of c a d m i u m . The f o r m e r seemed to enjoy c e r t a i n p r e v i l a g e 
over the l a t t e r . T h e y were likely to be switched 
a n t a g o n i s t i c a l l y in these two types of m e d i a . Under 
sulphate l i m i t a t i o n , the importance of cadmium sulphide 
formation for the r e m o v a l of Cd+2 seemed n e g l i g i b l e and it 
was most p o s s i b l e the f o r m a t i o n of cadmium phosphate that 
played the r o l e . On the other h a n d , w h e n phosphate w a s 
i n s u f f i c i e n t , and w h e n sulphate supply was i n c r e a s e d , 
more sulphide was formed and the increased a c c u m u l a t i o n 
of p h o s p h a t e a l t h o u g h still strivingly e x i s t e d , its 
importance was to c e r t a i n extent f a d e d . F u r t h e r m o r e , 
u n d e r c o n d i t i o n s that b o t h sulphate and phosphate were 
abundant as in the case of glucose limited m e d i u m , the 
m e a s u r e d increase in c e l l u l a r sulphide content was m i n o r 
compared with that of p h o s p h a t e since the absolute value 
of cellular p h o s p h a t e was m u c h greater than that of 
s u l p h i d e . 
Those findings were again in clear contrast to the 
K. aerogenes NCTC 418 w h i c h was believed to take the 
cadmium sulphide f o r m a t i o n m e c h a n i s m as the major m e a n s 
of cadmium d e t o x i f i c a t i o n and the formation of c a d m i u m 
p h o s p h a t e as an a l t e r n a t i v e (H, A i k i n g , et al,, 1982 ). 
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C o m p a r i n g the increases of c e l l u l a r c a d m i u m , 
sulphide and p h o s p h a t e in g l u c o s e limited m e d i u m w i t h 40 
ppm Cd+2 to those in c a d m i u m added s u l p h a t e limiteci and 
p h o s p h a t e l i m i t e d m e d i a (Fig. 4 - 8 , 4-9 & 4一 1 0 )， e v i d e n c e 
s u p p o r t i n g the belief that the two d e t o x i f i c a t i o n m e a n s 
wer>e s e p a r a t e was shown a g a i n . The c e l l u l a r c a d m i u m 
c o n t e n t s in G ( - ) m e d i a w e r e h i g h e r than those in S O A - ) 
•t 
and PO4( - ) m e d i a , a l t h o u g h e x a c t l y a d d i t i v e e f f e c t of both 
d e t o x i f i c a t i o n m e c h a n i s m s w e r e not o b t a i n e d . M o r e o v e r , 
e n e r g y seemed not a m a j o r factor a f f e c t i n g the 
a c c u m u l a t i o n of c a d m i u m since d e c r e a s e in c e l l u l a r 
c a d m i u m c o n t e n t was not r e c o r d e d d e s p i t e the d r a s t i c 
r e d u c t i o n of g l u c o s e s u p p l y . 
A n o t h e r s u p p o r t i n g e v i d e n c e to the e x i s t e n c e of 
these two m e c h a n i s m s in m u t u a l r e m e d y was t h a t , w h e n 
d e t e r m i n i n g the s t o i c h i o m e t r y among c e l l u l a r c a d m i u m , 
e x t r a s u l p h i d e and extra p h o s p h a t e , the a v e r a g e ratio of 
Cd to (dP + 6 S r was found close to 1 (this was also shown 
in the p r e v i o u s d e t e r m i n a t i o n of the effect of 
t e t r a c y c l i n ) , a similar case to the o b s e r v a t i o n on the 
c a d m i u m a c c u m u l a t i n g strains S45 (Karin K o k , et al., 
1982) and NCTC 418 (Harrie G o v e r s , et al, ， 1985) as well 
as a Citrobacter strain d e s c r i b e d by A l a s t a i r C . R . D e a n , 
et al • (1987). The result was shown in Table 4 - 1 . This 
ratio held in all the three types of m i n e r a l salt m e d i a . 
M o r e o v e r , it held not o n l y in m e d i a of 4 ppm Cd+2 but 
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T a b l e 4 - 1 . C e l l u l a r C a d m i u m , P h o s p h a t e and S u l p h i d e C o n t e n t s 
— — o f 凡 p i c k e t U ^ O O O A in D i f f e r e n t Medlar 
^ ^ ^ ^ Cd 
( u m o l / g d r y c e l l ) 
G l u c o s e l i m i t e d : 
4 ppm 34±1 40±2 3. 0 1 0 . 5 0.80±0,06 
40 p p m Cd+2 182±42 86±7 23±2 1.67±0.38 
S u l p h a t e l i m i t e d : 
4 p p m Ccl+2 21±2 28±1 1.5±0.5 0.71±0.07 
40 p p m Cd+2 99±15 65±5 2.0±0.0 1 . 4 7 1 0 . 2 2 
P h o s p h a t e l i m i t e d : 
4 p p m Cd+2 18±0 30±15 8 . 5 1 0 . 5 0.47±0.24 
40 p p m 96±10 47±8 70±2 0.82±0.14 
卯 e x t r a p h o s p h a t e ; 6S; e x t r a s u l p h i d e 
C d / ( 6 P + 6 S ) : S t o i c h i o m e t r y a m o m g c e l l u l a r C d , e x t r a PO4 
C e l l u l a r Cd w a s d e t e r m i n e d by m e a s u r i n g the c a d m i u m 
c o n t e n t in c e l l s t h r o u g h flame A A S a f t e r d i g e s t i o n (H. 
A i k i n g et al., 1 9 8 2 ) . S u l p h i d e a n a l y s i s w a s a d o p t e d 
from K i n g and M o r r i s (1967) and p h o s p h a t e a n a l y s i s w a s 
b a s e d on the m e t h o d of H o l d e n and P i r i e (1955 ). 
* E x t r a p h o s p h a t e (or e x t r a s u l p h i d e ) w a s d e t e r m i n e d 
as the d i f f e r e n c e in c e l l u l a r p h o s p h a t e (or 
s u l p h i d e ) b e t w e e n Cd — s u p p l e m e n t e d and Cd — free 
c u l t u r e s . 
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also in those of 40 ppm Cd+2. As a r e s u l t , "this c l e a r l y 
s u g g e s t s that both p h o s p h a t e and s u l p h i d e are c o u n t e r i o n s 
for c a d m i u m " . 
* ( A c c o r d i n g to the d e s c r i p t i o n of H , A i k i n g , the best 
c o r r e l a t i o n w a s found b e t w e e n c a d m i u m c o n t e n t on the 
one hand and the e x t r a p h o s p h a t e plus e x t r a s u l p h i d e 
t o g e t h e r on the other hand to e l i m i n a t e the under-
e s t i m a t i o n caused by the n a t u r a l a m o u n t s of c e l l u l a r 
p h o s p h a t e and s u l p h i d e p r e - e x i s t e d to the a d d i t i o n of 
c a d m i u m . ) 
4.3.4 E x a m i n a t i o n of C a d m i u m A c c u m u l a t i o n of P, picketti lOOOA 
by T r a n s m i s s i o n E l e c t r o n M i c r o s c o p e : 
In the d e t e r m i n a t i o n of the m o r p h o l o g y of P• 
picketti lOOOA in c a d m i u m free and c a d m i u m loaded 
c u l t u r e s by t r a n s m i s s i o n e l e c t r o n m i c r o s c o p e , 
c o n s i d e r a b l e a m o u n t of p r e c i p i t a t e l o c a t e d a r r o u n d the 
cell e n v e l o p s of this strain was seen in both cadmium 
loaded g l u c o s e l i m i t e d and s u l p h a t e limited cultures 
(Fig. 4 - 1 1 ) , w h e r e a s in 40 ppm Cd+2 s u p p l e m e n t e d p h o s p h a t e 
limited m e d i u m , much less e n v e l o p - s u r r o u n d i n g p r e c i p t a t e 
was w i t n e s s e d (Fig. 4-12 ) on the cell s u r f a c e s . On the 
other h a n d , by o b s e r v i n g the cells in all of the three 
c a d m i u m - f r e e c u l t u r e s , no p p r e c i p i t a t e surrounding the 
outer s u r f a c e s of the cells was s e e n . T h u s , the 
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F i g . 4-11 & 4 - 1 2 . T r a n s m i s s i o n Electron M i c r o s c o p i c o p v of 
Strain lOOOA Exposed to Cd+2: ‘ 
Pre p a r a t i o n of cell samples for electron m i c r o s c o p y was 
adopted from the method described by Aiking H•， e t al 
(1982). One drop of bacterial suspension was placed on a 
formvar-coated and then c a r b o n - c o a t e d 400 mesh copper grid 
and left f o . 30 s e c o n d s . The grid was briefly blotted with 
filter p a p e r , rinsed with a drop of distilled water and 
finally blotted d r y . Specimens was scanned with a JEOL 
Model JEM-100 CX II transmission electron m i c r o s c o p e at a 
beam voltage of 8 0 k V . 
A & B: P . picketti lOOOA grown in glucose limited media 
with and without Cd+2 respectively; for the 
former, single flagellum and m u c i l a g e was seen 
but no p r e c i p i t a t e was observed; for the latter, 
p r e c i p i t a t e and mucilage were seen ， 
C & D: P. picketti lOOOA grown in sulphate limited media 
with and without respectively; for the 
former， mucilage was seen but no precipitate was 
observed; for the latter, both precipitate and 
mucilage were seen 
E & F : 凡 picketti lOOOA grown in phosphate limited 
m e d i a with and without CcT^ respectively; the 
former was undergoing longitudinal binary fussion 
and no precipitate or mucilage was seen; for the 
latter， little p r c i p i t a t e , no mucilage seen 
G :凡 picketti lOOOA undergoing conjugation in Cd-
free glucose limited medium 
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a c c u m u l a t i o n of c a d m i u m of this strain w a s believed to be 
achieved m a i n l y by the l o c a l i z a t i o n of cadmium ions on 
the cell e n v e l o p like m a n y other cadmium a c c u m u l a t i n g 
species d i d . P a r a l l e l examples could be found in the 
o b s e r v a t i o n of R e m a d e et al . ( 1982 ) on some mixed 
b a c t e r i a l c u l t u r e s and the e l e c t r o m i c r o s c o p i c e v i d e n c e 
o b t a i n e d by M a c a s k i e et al. (1987 ) on a Citrobacter 
s p e c i e s . F u r t h e r support to this belief was p r o v i d e d by 
the result of the following d e t e r m i n a t i o n on c a d m i u m 
d i s t r i b u t i o n of ^^^Cd^^ loaded c e l l s . 
B e s i d e s , it was also believed t h a t , u n d e r 
sufficient supply of p h o s p h a t e , such as in the cases of 
glucose limited and sulphate limited c u l t u r e s , p h o s p h a t e 
was a c c u m u l a t e d and used for the d e t o x i f i c a t i o n of 
c a d m i u m . In a n o t h e r case of sufficient sulphate s u p p l y , 
sulphate was taken up and used for a similar p u r p o s e . 
A c c o r d i n g to H a r r i e Covers et al• (1985)， these were done 
via the f o r m a t i o n of cadmium p h o s p h a t e or the formation 
of c a d m i u m s u l p h i d e , a c o n d i t i o n termed "facilitated 
p r c i p i t a t i o n " a n d , referring to their d e s c r i p t i o n of such 
m e c h a n i s m s , the h e a v y metal was probably accumulated and 
p r e c i p i t a t e d n e a r the cell p e r i m e t e r due to the 
r e l a t i v e l y high local c o n c e n t r a t i o n s of sulphide and 
p h o s p h a t e t h e r e . The o b s e r v a t i o n in our work did agree 
w i t h their interpretation of the substantial existense of 
surface bound cadmium p h o s p h a t e . This was also supported 
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by the findings of Wilkinson (1970) that high phosphorus 
content was measured in the outer membrane of a number of 
Pseudomonas s p e c i e s . 
The observation that less precipitate was seen on 
cells in cadmium supplemented phosphate limited culture 
compared with those in the other two cadmium contaminated 
suspensions might imply that the cadmium sulphide so 
formed was more dispersed inside the cell and less 
tightly bound to the p e r i m e t e r . These are in clear 
contrast with what has been reported for K. aerogenes 
NCTC 418 by H , Aikxng et a i . , in which "the cadmium 
p h o s p h a t e is present in the cells as a d i f f u s e , finely 
d i s p e r s e d , colloidal suspension•‘ whereas cadmium sulphide 
was deposited on the outer surface. 
The absence of mucilage on the surface of most of 
the cells in cadmium supplemented phosphate limited 
culture was e v i d e n c e d . Although it was known that 
mucilage of bacteria could sometimes be used as an 
emergent energy reservoir, h o w e v e r , it was somewhat 
difficult to share the opinion of H . Aiking that the 
addition of cadmium increased the cellular energy 
r e q i u r e m e n t , because the cells in cadmium free phosphate 
limited culture also exhibited their absence of a layer 
of exoploymer as cadmium accommodated cells d i d , as shown 
in Fig. 4 - 1 1 . This absence of a observable 
147 
Determination of Cadmium Uptake Mechanism in P. picketti lOOOA ， 
p o l y s a c c h a r i d e - r i c h l a y e r was m o r e l i k e l y the r e s u l t of 
a r e d u c e d s u p p l y of p h o s p h a t e s i n c e , a c c o r d i n g to 
W i l k i n s o n et al . ( 1 9 7 3 ) ， the m e t a l b i n d i n g c a p a c i t y of 
the p h o s p h o r o u s on the c e l l s u r f a c e s of m a n y Pseudomonas 
s p e c i e s p r o v i d e d the f u n c t i o n of linking’ the 
l i p o p o l y s a c c h a r i d e to o t h e r w a l l c o m p o n e n t s . L a c k i n g 
s u f f i c i e n t a t t a c h m e n t of p h o s p h o r o u s , 1 i p o p o l y s a c c h a r i d e 
as w e l l as l o o s e l y bound lipid w e r e l o s t . E x a m p l e s of 
t h o s e Pseudomonas s p e c i e s i n c l u d e P, aureofaciens， P, 
chlororaphis, P, denitrifleans y P. fluorescens, P. tragi, 
P' mucidolens, P. oval is, P. putida, P. stutzeri, P, 
syncyanea, P. synxantha and P. taetrolens ( W i l k i n s o n , 
1 9 7 0 � ， m o s t of w h i c h b e l o n g to the RNA h o m o l o g y g r o u p I 
of Pseudomonas ( P a l l e r o n i , et al, 1973 ) . H o w e v e r , l i t t l e 
w a s k n o w n a b o u t the f u n c t i o n of p h o s p h o r o u s on the 
p e r i m e t e r of P . picketti. 
4.3,5 C a d m i u m D i s t r i b u t i o n of C a d m i u m - A c c o m m o d a t e d C e l l s : 
The c e l l u l a r c o m p o n e n t s w e r e f r a c t i o n a t e d in 
v a r i u o s w a y s and the m a j o r i t y of a c c u m u l a t e d c a d m i u m was 
found in the w a l l - m e m b r a n e f r a c t i o n by f o l l o w i n g the 
r a d i o a c t i v i t y . 82% of the r a d i o a c t i v i t y was r e s o l v e d in 
the p e l l e t f r a c t i o n of the d i s t i l l e d w a t e r t r e a t e d c e l l s 
(Fig. 4 - 1 3 ) . H o w e v e r , w h e n 10 mM E D T A i n s t e a d of 
d i s t i l l e d w a t e r w a s u s e d , 49% of the r a d i o a c t i v i t y was 
l o s t . T h e s e i n c l u d e d that in the c y t o p l a s m and that bound 
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F i g , 4—13• D e t e r m i n a t i o n of C a d m i u m D i s t r i b u t i o n of 
C e l l s : 
P. picketti lOOOA were grown in 20 ml of P e p t o n e 
M e d i u m s u p p l e m e n t e d w i t h 10 ppm Cd^^ l a b e l l e d with 
i09cd+2 (Dupont ) at 35。C w i t h a g i t a t i o n until s t a t i o n a r y 
p h a s e . 0.5 ml of the c u l t u r e was then c e n t r i f u g e d and 
w a s h e d twice with isotonic s a l i n e . The residue w a s 
treated w i t h either of the following m e t h o d s 
( B i r n b o i m , et al . , 1979; Inga et al. , 1986) as 
p r e s e n t e d in 4.2.13; r e s u s p e n s i o n in d i s t i l l e d water 
or 10 mM EDTA for 10 m i n . ， 1 0 mM EDTA plus 20 mg/ral 
lysozyrae at pH 8 and 37。C for 30 m i n . , 20 mg/ml 
l y s o z y m e at pH 8 and 37。C for 30 m i n . , 1% SDS for 5 
m i n . ， or r e s u s p e n d e d and sonified in isotonic s a l i n e . 
A f t e r c e n t r i f u g a t i o n , the r a d i o a c t i v i t i e s of ^^^Cd in 
the s u p e r n a t a n t s and p e l l e t s were m e a s u r e d s e p a r a t e l y 
w i t h a gamma c o u n t e r , 
%Cd in p e l l e t = (radioactivity of p e l l e t ) + (total 
r a d i o a c t i v i t y of p e l l e t and s u p e r n a t a n t ) x 100% 
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to the w a l l . The result indicated that the ^^^Cd'^ bound to 
the wall might be either chelated away d i r e c t l y by E D T A , 
or lost t o g e t h e r with wall c o m p o n e n t s such as 
l i p o p o l y s a c c h a r i d e when the network was w e a k e n e d by E D T A . 
Supporting e v i d e n c e was also provided by W i l k i n s o n (1970) 
that most Pseudomonas species were EDTA sensitive and 
such high s e n s i t i v i t y was found to correlate to the 
p h o s p h o r o u s and l i p o p o l y s a c c h a r i d e on the s u r f a c e . 
Since lysozyme was another effective wall 
d i s t r u c t i n g s u b s t a n c e , it was expected that by the 
m u l t i p l e function of lysozyme and E D T A t o g e t h e r , further 
decrease in r a d i o a c t i v i t y in the pellet could be 
o b t a i n e d . H o w e v e r , only less than 6% decrease was 
r e c o r d e d . Two p o s s i b i l i t y was thus aroused: 10 mM EDTA 
alone was a l r e a d y sufficient to chelate away m o s t of the 
wall bound i09cd+2 so that little improvement could be 
obtained by the introduction of both EDTA and l y s o z y m e , 
OP， a七 a c o n s i d e r a b l y high cadmium c o n c e n t r a t i o n , 
lysozyme could not function well to disrupt the wall 
s t r u c t u r e . The former hypothesis was collapsed by the 
outcome of the sample treated with lysozyme a l o n e . The 
amount of cadmium released by lysozyme was even less than 
that by d i s t i l l e d w a t e r . 
As far as SDS was well known to be capable of 
distructing the lipid bilayer of the cytoplasmic m e m b r a n e 
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Of b a c t e r i a l c e l l s , the e q u a l l y low c a p a c i t y of 
e x t r a c t i n g c a d m i u m from the cells of P, picketti lOOOA 
shown by 1% SDS p r o v i d e d us clues that m o s t of the bound 
w a s located on e i t h e r the cell wall or the 
e x o p o l y m e r layer rather than the c y t o p l a s m i c m e m b r a n e , 
O t h e r w i s e , by the d i s t r u c t i o n of the lipid b i l a y e r w i t h 
S D S , m o s t of the r a d i o a c t i v i t y could be r e s o l v e d in the 
s u p e r n a t a n t , 
On the other h a n d , upon severe s o n i c a t i o n , the 
a m o u n t of c a d m i u m resided in the p e l l e t was reduced to 
a r o u n d 2 7 % , indicating that s o n i c a t i o n w a s more e f f e c t i v e 
to r e l e a s e cadmium from the cells than any o t h e r method 
d e t e r m i n e d in this e x p e r i m e n t , w h i c h w a s c a p a b l e of not 
o n l y r e l e a s i n g l o o s e l y bound wall c o n s t i t u e n t s but also 
b r e a k i n g d o w n the outer m e m b r a n e . 
4•4 D i s c u s s i o n : 
D e d u c e d from the above e x p e r i m e n t s , the reason for 
the m i s s i n g of a p r o t e i n band m i g h t be due to the 
inhibiting effect of cadmium ions at a h i g h l y toxic level 
on the s y n t h e s i s of at least one o r d i n a r i l y e x i s t i b l e 
p r o t e i n of this s i z e . On the other h a n d , the e m e r g e n c e of 
the e x t r a band implied that at a high c a d m i u m l e v e l , the 
s y n t h e s i s of at least one p r o t e i n of M . W . arround 31 
k i l o d a l t o n s was i n d u c e d . The inducible s y n t h e s i s of this 
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p r o t e i n inig’ht or m i g h t n o t be any f u n c t i o n a l a d a p t i v e 
r e s p o n s e of the h o s t a g a i n s t the h i g h l y t o x i c e n v i r o n m e n t 
s i m i l a r to the i n d u c i b l e p r o d u c t i o n of a c a d m i u m b i n d i n g 
p r o t e i n by a E, coll, B s t r a i n d e s c r i b e d by R . s. M i t r a , 
et al • { 1981 ) or the i n d u c i b l e s y n t h e s i s of a s u r f a c e 
bound p h o s p h a t a s e to m e d i a t e the d e t o x i f i c a t i o n of 
c a d m i u m ions ( L . J . M i c h e l , et al , , 1 9 8 5 )， o r , t h e y m i g h t 
o n l y be a c a d m i u m u n r e l a t e d s p o n t a n e o u s r e s u l t of the 
a d a p t a t i o n of t h i s s t r a i n to the p o l l u t a n t . 
In a d d i t i o n , the c a d m i u m r e s i s t a n c e and the c a d m i u m 
u p t a k e c a p a b i l i t y of the s t r a i n w e r e s e e m i n g l y r a t h e r two 
s e p a r a t e b i o l o g i c a l p r o p e r t i e s than two s p o n t a n e o u s 
e x p r e s s i o n s of a s i n g l e p r o p e r t y . The r e s u l t s h o w e d that 
the c h a n g e s in p r o t e i n p r o f i l e s w e r e u n l i k e l y r e s p o n s i b l e 
for the s y n t h e s i s of a c a d m i u m b i n d i n g p r o t e i n . T h e y 
m i g h t o n l y be r e s p o n s i b l e for its c a d m i u m r e i s t a n c e . This 
w a s s u p p o r t e d by the f i n d i n g that g r o w i n g at c u l t u r e s of 
v a r i o u s c a d m i u m concentrations， the a m o u n t s of p r o t e i n s 
in c e l l s showed no d i f f e r e n c e . I n s t e a d , it w a s the 
c a d m i u m n o n — i n d u c i b l e p r e - e x i s t i n g p r o t e i n of 1 .43 
k i l o d a l t o n s that c a r r i e d r e m a r k a b l e a f f i n i t y of b o t h 
c a d m i u m and p h o s p h a t e and even s u l p h a t e . 
By i n c r e a s i n g the c a d m i u m c o n c e n t r a t i o n in the 
a b o v e m e d i a , the p o s i t i o n of the c a d m i u m b i n d i n g p r o t e i n 
in the p r o f i l e r e m a i n e d u n c h a n g e d (Fig. 4 - 3 ) . T h i s 
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r e f l e c t e d that the e x i s t e n c e of this p r o t e i n should be 
u n r e l a t e d to the a d d i t i o n of Cd^^ to the m e d i u m . M o r e o v e r , 
the shifts in p r o t e i n p r o f i l e s in c a d m i u m added s u l p h a t e 
limited m e d i a and p h o s p h a t e limited m e d i u m d e s c r i b e d 
above were u n l i k e l y the induction of a c a d m i u m binding 
p r o t e i n to remove free cadmium ions by direct 
i n c o r p o r a t i o n . As the strain retained rapid growth in the 
h i g h l y toxic e n v i r o n m e n t a f t e r a period of a d a p t a t i o n , 
and even in the retained log phase the p e r c e n t a g e of 
c a d m i u m ions removed from the culture was less than 30’ 
it m i g h t be that the shifts in p r o t e i n p r o f i l e s a g a i n s t 
Cd+2 should be at most m o r e important to its r e s i s t a n c e 
than to the a c c u m u l a t i o n of the e l e m e n t . A p a r t from the 
a s s u m p t i o n c l a i m e d by K h a z a e l i and M i t r a (1981) that all 
the c a d m i u m c o n t e n t should be bound to a p r o t e i n of more 
than 30,000 d a l t o n s , it was u n l i k e l y p o s s i b l e to rely 
m a i n l y on a p r o t e i n of tens of k i l o d a l t o n s in a c e l l , 
a c c o r d i n g to H . A i k i n g et al . (1982), to bind such a 
large a m o u n t of c a d m i u m , even several h u n d r e d cadmium 
ions bound to each m o l e c u l e of this p r o t e i n was a s s u m e d . 
Since no v o l a t i l e c a d m i u m - c o n t a i n i n g c o m p o u n d s are k n o w n , 
"it seemed a p p r o p r i a t e to look for a smaller anion which 
w o u l d give an insoluble compound with cadmium" and 
"inorganic sulphide was a promising candidate" w h e r e a s 
p h o s p h a t e would be the o t h e r . 
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T o g e t h e r w i t h the c o r r e l a t i o n a m o n g c e l l u l a r 
c a d m i u m , s u l p h i d e and p h s o p h a t e , it w a s m o r e r e l i a b l e 
t h a t f a c i l i a t e d f o r m a t i o n of a c e r t a i n s p e c i e s of 
p h o s p h a t e c o n t a i n i n g c a d m i u m salt w a s to be the m a j o r 
m e a n of c a d m i u m a c c u m u l a t i o n of the s t r a i n and cadmiura 
s u l p h i d e f o r m a t i o n w a s the o t h e r . The a c c u m u l a t i o n of 
c a d m i u m of this s t r a i n w a s b e l i e v e d to be a c h i e v e d m a i n l y 
b y the l o c a l i z a t i o n of c a d m i u m ions on the c e l l e n v e l o p 
like m a n y o t h e r c a d m i u m a c c u m u l a t i n g s p e c i e s such as the 
m i x e d b a c t e r i a l c u l t u r e s of J , R e m a d e , et al, ( 1982 ) 
d i d . T h i s b e l i e f w a s s u p p o r t e d by the d i s c o v e r y of 
p r e c i p i t a t e f o r m e d on the c e l l s u r f a c e a n d the r e s u l t of 
the d e t e r m i n a t i o n on c a d m i u m d i s t r i b u t i o n of l o a d e d 
c e l l s . T h e p r e c i p i t a t e so formed w o u l d be in form of 
c a d m i u m s u l p h i d e or a p h o s p h a t e c o n t a i n i n g c a d m i u m salt 
or even b o t h , d e p e n d i n g on the a v a i l a b i l t ies of those 
c o u n t e r i o n s in the c e l l s for C d + 2 .工t s h o u l d be n o t e d 
t h a t , b e s i d e s i n o r g a n i c s u l p h a t e a n d o r t h o p h o s p h a t e , 
g l y c e r o - 2 - p h o s p h a t e c o u l d also be a s o u r c e of c o u n t e r i o n 
of the m e t a l . In t h i s c a s e , it w a s l i k e l y that g l y c e r o -
2 - p h o s p h a t e w a s h y d r o l y s e d and l o c a l i z e d on the c e l l 
s u r f a c e , g i v i n g rise to the f a c i l i t a t e d local 
p r e c i p i t a t i o n of c a d m i u m s a l t . Such h y p o t h e s i s a g r e e d 
w i t h the f i n d i n g s of D e a n et al. (1986) that a m e m b r a n e 
b o u n d p h o s p h a t a s e w a s found on a Citrobacter s p e c i e s , 
w h i c h c o u l d h y d r o l y s e a w i d e range of o r g a n i c p h o s p h a t e s 
to l i b e r a t e i n o r g a n i c p h o s p h a t e for the b i n d i n g of 
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SO； Cd+2 PO: 
E x t r a c e l l u l a r 
I n t r a c e l l u l a r 
F i g . 4-14'. A scheme of the cadmium a c c u m u l a t i o n of 
P, picketti lOOOA: 
〇 : C d H P O ^ 
• ： CdS 
PP : p r e - e x i s t i n g organic p h o s p h a t e to be released 
as inorganic p h o s p h a t e to bind c a d m i u m 
W : cell envelope 
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the b i n d i n g of c a d m i u m e x c e p t at h i g h c h l o r i d e or c y a n i d e 
c o n c e n t r a t i o n s . So， the a b i l i t y of c a d m i u m b i n d i n g by P. 
p i c k e t t i lOOOA v i a the h y d r o l y s i s of o t h e r o r g a n i c 
p h o s p h a t e i n c l u d i n g t h o s e s p e c i f i c s t r u c t u r a l p h o s p h a t e s 
on the l i p o p o l y s a c c h a r i d e l a y e r of Pseudomonas s p e c i e s 
d e s c r i b e d a b o v e w a s e x p e c t e d . T h i s w i l l be f u r t h e r 
e n c o u n t e r e d in the f o l l o w i n g c h a p t e r . 
It s h o u l d a l s o be n o t e d that referring- to the 
e v i d e n c e s of the f o r m a t i o n of c a d m i u m s u l p h i d e and 
certaiLn s p e c i e s of p h o s p h a t e c o n t a i n i n g c a d m i u m salt and 
the a p p r o x i m a t e l y 1:1 s t o i c h i o m e t r y a m o n g t h o s e i o n s , it 
is r e a s o n a b l e to b e l i e v e t h a t the p h o s p h a t e c o n t a i n i n g 
salt so f o r m e d w a s in the form of CdHPO^ (Table 4-1 ) • T h i s 
爾 s u p p o r t e d by the f o r m a t i o n of CdHPO^ on the c e l l 
s u r f a c e of a b a c t e r i a l s t r a i n e v i d e n c e d by L y n n e E . 
M a c a s k i e et al . (1987) and the f o r m a t i o n of PbHPO^ in 
a n o t h e r s t r a i n e v i d e n c e d by Aickin， et al. 1979)， 
a l t h o u g h Cd3(P04)2 still r e m a i n e d as a p o s s i b l e c h o i c e , 
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C H A P T E R 5 
C O R R E L A T I O N A M O N G M E T A L S IN H E A V Y METAL UPTAKE 
5•1 Introduction: 
It was w e l l d o c u m e n t e d that most m i c r o o r g a n i s m s 
capable of a c c u m u l a t i n g c e r t a i n heavy metal could u s u a l l y 
i n t e n s e l y take up some other relevant m e t a l s . For 
e x a m p l e , a Pseudomonas strain capable of detoxifying tin 
by m e t h y l a t i o n w a s found to transform inorganic C d ( 工 工 > in 
the p r e s e n c e of v i t a m i n Bi2. Further evidence indicated 
that a species c a p a b l e of methylating m e r c u r y a p p e a r e d 
c o n c u r r e n t l y w i t h cadmium transport (Microbial M e t a b o l i s m 
of H e a v y M e t a l s ) , Such sharing of heavy metal transport 
systems for d i f f e r e n t m e t a l s were not restricted to 
b a c t e r i a o n l y . Cadmium， c o p p e r , lead, and zinc in some 
p l a n k t o n organisms of the Cnidarian Phylum were found 
related to the c e l l u l a r p h o s p h o r u s by M . Romeo et al • 
(1987 ). 
In a d d i t i o n , p o s i t i v e correlation among C d , Cr, C u , 
Z n , Fe and Mg in Aufwuchs was demonstrated by Michael et 
al • (1985 ). In this c h a p t e r , the relation among the 
c e l l u l a r amounts of a n u m b e r of divalent metal ions in 
picketti lOOOA was i n v e s t i g a t e d . The strain was found 
not only resistant to cadmium but also to copper and 
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z i n c . It w a s found c a p a b l e of accurau丄ating m o r e c o p p e r 
than c a d m i u m and the c o r r e l a t i o n among c o p p e r , s u l p h i d e 
and p h o s p h a t e w a s also shown in c u l t u r e s of a d d i t i o n a l 
+ 2 
Cu c o n c e n t r a t i o n s . On the other h a n d , zinc c o n c e n t r a t i o n 
in medium was d e m o n s t r a t e d u n r e l a t e d to c e l l u l a r c a d m i u m . 
M o r e o v e r , c e l l u l a r zinc c o n t e n t was found to be 
h o m e o s t a t i c a l l y m a i n t a i n e d a l t h o u g h h i g h zinc 
c o n c e n t r a t i o n s w e r e applied but be reduced at high c o p p e r 
levels . 
5•2 M a t e r i a l s and M e t h o d s : 
5.2.1 P r e p a r a t i o n of S o l u t i o n s : 
CdS04 S t o c k S o l u t i o n is p r e p a r e d as d e s c r i b e d in 
2 . 2 . I . D . 
CUCI2 • 2H2O， ZnS04 • 7H2O， FeCl2 . 6H2O , MgCl^ • 6H2O , 
MnCl2.4H20 and C0CI2.6H2O w e r e all of A . R . g r a d e and w e r e 
p u r c h a s e d from R i e d e l - d e H a e n . CaCl? (A. R , grade) w a s 
p r o d u c t of M e r c k , D a r m s t a d t . T h e y w e r e p r e p a r e d into 1 0 0 , 
50 and 10 mM s o l u t i o n s with d o u b l e d i s t i l l e d w a t e r as 
stocks a f t e r a u t o c l a v e . 
A t o m i c A b s o r p t i o n S t a n d a r d S o l u t i o n s were as 
following: C a d m i u m S t a n d a r d ( C - 5 5 2 4 , Lot 5 8 F 3 4 1 4 ) , Iron 
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S t a n d a r d ( 1 - 9 0 1 1， L o t 1 0 8 F 3 4 9 7 ) , Zinc S t a n d a r d ( Z - 2 7 5 0 , 
Lot 1 8 F 3 5 5 7 ) , M a g n e s i u m S t a n d a r d ( M - 4 5 1 5， L o t 7 8 F 3 4 9 4 ) , 
C a l c i u m S t a n d a r d ( C ~ 5 6 4 9 , Lot 38F3453 ) and C o p p e r S t a n d a r d 
S o l u t i o n s w e r e p u r c h a s e d from S i g m a , U . S . A . A p p r o p r i a t e 
d i l u t i o n w a s p e r f o r m e d w i t h 0.1 M H C l in d o u b l e d i s t i l l e d 
w a t e r w h e n e v e r r e q u i r e d . 
S u l p h i d e S t a n d a r d S o l u t i o n w a s p r e p a r e d by 
d i s s o l v i n g a small p i e c e of d r y Na2S. 9H2O in d o u b l e 
d i s t i l l e d w a t e r to give a c o n c e n t r a t i o n of 30 n m o l / m l as 
d e s c r i b e d in 4 . 2 . 1 . 
M i n e r a l salt m e d i u m was p r e p a r e d as d e s c r i b e d in 
4.2.1 w i t h the m o d i f i c a t i o n that 0.5 mM of g l y c e r o - 2 -
p h o s p h a t e i n s t e a d of 0.5 mM NazHPOi w a s a p p l i e d and that 
the g l u c o s e c o n c e n t r a t i o n w a s 50 m M . 
5.2.2 D e t e r m i n a t i o n of E f f e c t of Zn+2: 
A 1/200 (v/v) i n o c u l u m of c a d m i u m a c c o m m o d a t e d 
c e l l s at s t a t i o n a r y p h a s e w a s a p p l i e d to e a c h s t e r i l e 
b a t c h of c a d m i u m s u p p l e m e n t e d m i n e r a l salt m e d i u m 
c o n t a i n i n g 0 . 0 2 5 , 0 . 1 0 0 , 0,500 or 2.500 mM ZnSO^ and 
i n c u b a t e d at 35.0±0.5。C w i t h a g i t i o n at 200 r . p . m . u n t i l 
s t a t i o n a r y p h a s e . The c e l l s w e r e then c o l l e c t e d for 
s u l p h i d e , p h o s p h a t e and m e t a l a s s a y s . 
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5.2.3 D e t e r m i n a t i o n of E f f e c t of Cu+2: 
A 1/200 (v/v) i n o c u l u m of c a d m i u m a c c o m m o d a t e d 
c e l l s at s t a t i o n a r y p h a s e w e r e a d d e d to e a c h of 4 s t e r i l e 
b a t c h of c a d m i u m s u p p l e m e n t e d m i n e r a l salt m e d i u m 
c o n t a i n i n g 0 . 0 1 , 0 . 0 5 , 0.25 and 1.25 m M of CuCl? 
r e s p e c t i v e l y . The c u l t u r e s w e r e i n c u b a t e d at the same 
c o n d i t i o n as d e s c r i b e d a b o v e u n t i l s t a t i o n a r y p h a s e and 
the c e l l s w e r e then h a r v e s t e d for s u l p h i d e , p h o s p h a t e and 
m e t a l a s s a y s . 
5.2.4 C o r r e l a t i o n a m o n g Cd+2，Cu+2 and Zn+2: 
A 1/200 (v/v) i n o c u l u m of c a d m i u m a c c o m m o d a t e d 
c e l l s at s t a t i o n a r y p h a s e w e r e a d d e d to e a c h of 5 s t e r i l e 
b a t c h of m i n e r a l salt m e d i u m , O n e of the c u l t u r e w a s then 
s u p p l e m e n t e d w i t h 0.40 mM Cd+2 {final c o n c e n t r a t i o n ) p l u s 
0.40 mM Zn+2，one w i t h 0.40 mM Cd+2 p l u s 0.40 mM+2，one 
w i t h 0.40 mM Zn+2 p l u s 0.40 mM Cu+2 and one w i t h all three 
m e t a l ions each at 0.40 m M . The last one was taken as a 
c o n t r o l . A l l the c u l t u r e s w e r e i n c u b a t e d at the same 
c o n d i t i o n d e s c r i b e d a b o v e u n t i l s t a t i o n a r y p h a s e . C e l l s 
w e r e then h a r v e s t e d for s u l p h i d e , p h o s p h a t e and m e t a l 
a s s a y s . 
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5.2.5 G r o w t h K e n e t i c D e t e r m i n a t i o n : 
C a d m i u m s u p p l e m e n t e d m e d i a of i n i t i a l Cu+2 
c o n c e n t r a t i o n of 0 . 0 1 , 0.25 and 1.25 mM r e s p e c t i v e l y or 
i n i t i a l Zn+2 c o n c e n t r a t i o n of 0.025， 0 . 5 and 2. 5 mM 
r e s p e c t i v e l y w e r e p r e p a r e d . The m e d i a w e r e i n o c u l a t e d 
w i t h 1/200 (v/v) c a d m i u m a c c o m m o d a t e d c e l l s u s p e n s i o n s at 
s t a t i o n a r y p h a s e and i n c u b a t e d at the same c o n d i t i o n 
d e s c r i b e d a b o v e . C e l l d e n s i t i e s of the c u l t u r e s w e r e 
r e c o r d e d in t e r m s of O.D.595 at i n t e r v a l s . 
5.2.6 C e l l S a m p l e P r e p a r a t i o n : 
C e l l s at s t a t i o n a r y p h a s e w e r e h a r v e s t e d by 
c e n t r i f u g a t i o n at 2,500 r .p.m. and 5。C for 30 m i n . and 
w a s h e d t w i c e in i s o t o n i c s a l i n e , A l l the cell s a m p l e s 
w e r e r e s u s p e n d e d to give e q u a l c e l l d e n s i t i e s m e a s u r e d at 
••D.595. The e q u i v a l e n t a m o u n t s of c e l l s w e r e e s t i m a t e d 
a g a i n s t a s t a n d a r d curve of d r y w e i g h t vs O.D.595. 
5.2.7 O r t h o p h o s p h a t e E s t i m a t i o n : 
1 ml of cell sample was p i p e t t e d into 5 ml of 2N 
s u l p h u r i c a c i d . 1 ml of 7.5% a m m o n i u m m o l y b d a t e and 2 ml 
of w a t e r w e r e a d d e d . The a s s a y w a s p e r f o r m e d a c c o r d i n g to 
the m e t h o d of H o l d e n & P i r i e (1955) d e s c r i b e d in 4 . 2 . 8 . 
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5.2.8 M e t a l A n a l y s i s : 
C d , C u , Z n , C a , M g , Fe， Co and Mn w e r e d e t e c t e d by 
m e a n s of flame a t o m i c a b s o r p t i o n s p e c t r o p h o t o m e t r y 
a g a i n s t s t a n d a r d s as d e s c r i b e d in 2 . 2 , 9 , 
5 . 3 R e s u l t ：_ 
5 , 3 . 1 E f f e c t of Zn+2: 
C o m p a r e d w i t h the c u l t u r e w i t h 0 . 0 2 5 mM Zn+2 (i.e. 
the c o n t r o l in F i g , 5 - 1 )， t h e c e l l s g r o w i n g in 0.5 mM Zn+2 
e x h i b i t e d a l i t t l e l o n g e r p e r i o d of lag p h a s e ( a p p r o x . 14 
hourvs) a f t e r w h i c h an e x p o n e n t i a l g r o w t h at a l m o s t the 
same rate of the f o r m e r c u l t u r e ( d o u b l i n g t i m e ^ 2.8 
h o u r s ) w a s r e s t o r e d . A m u c h l o n g e r lag ti m e ( a p p r o x . 26 
h o u r s ) w a s s h o w n in the c u l t u r e w i t h 2.5 mM Zn+2. E v e n 
though， the e x p o n e n t i a l g r o w t h so r e t a i n e d w a s s t i l l m o r e 
t h a n 40% s l o w e r t h a n that of the c o n t r o l and the m a x i m u m 
c e l l d e n s i t y so a c q u i r e d w a s r e d u c e d b y ab o u t 3 0 % , 
On the o t h e r h a n d , it w a s s u r p r i s i n g that the 
c e l l u l a r c o p p e r l e v e l r a t h e r than c e l l u l a r zinc c o n t e n t 
w a s found to be g r a d u a l l y e n h a n c e d along w i t h the 
i n c r e a s e of i n i t i a l [Zn^^j ^ � 0.05 to 0.5 mM (Fig. 5-
2 ) , It w a s not u n t i l the o r i g i n a l zinc concentration was 
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F i g . 5-1 . G r o w t h K i n e t i c s of P, picketti lOOOA in 
C u l t u r e s of D i f f e r e n t Zn+2 L e v e l s : 
A 1/200 (v/v) i n o c u l u m of P, picketti lOOOA at 
s t a t i o n a r y p h a s e w a s a p p l i e d to M i n e r a l Salt M e d i u m 
s u p p l e m e n t e d w i t h 20 ppm Cd+2 ^nd 0 . 0 2 5， 0 . 5 0 or 2 . 5 mM 
ZnSO^ and w a s i n c u b a t e d at 35.0±0.5'C w i t h a g i t a t i o n . 
C e l l d e n s i t y w a s m e a s u r e d by m e a n s of O , D . 595 at 
i n t e r v a l s , 
O ： 0 . 0 2 5 m M Zn+2 
• : 0.50 mM Zn+2 
• : 2.5 mM Zn+2 
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Fig-. 5-2 . C e l l u l a r C a d m i u m , C o p p e r and Zinc C o n t e n t of 
P. picketti lOOOA in C u l t u r e s of D i f f e r e n t Zn+2 L e v e l s : 
A 1/200 (v/v) inoculum of P. picketti lOOOA at 
s t a t i o n a r y phase was a p p l i e d to M i n e r a l Salt M e d i u m 
s u p p l e m e n t e d w i t h 20 ppm C d 。 and 0.025, 0,10， 0.50 or 
2,5 mM ZnSO^ and was incubated at c o n d i t i o n s as in F i g . 
5-1 . Cell sampl es at s t a t i o n a r y phase w e r e w a s h e d w i t h 
isotonic saline and r e s u s p e n d e d to equal 
c o n c e n t r a t i o n . C e l l u l a r Cd， Cu and Zn c o n t e n t s of the 
s u s p e n s i o n s were m e a s u r e d t h r o u g h flame A A S . 
O ： C e l l u l a r C a d m i u m C o n t e n t 
• : C e l l u l a r Copper C o n t e n t 
A : C e l l u l a r Zinc C o n t e n t 
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r a i s e d to 2.5 mM did a s i g n i f i c a n t i n c r e a s e in c e l l u l a r 
zinc c o n t e n t o c c u r e d , t o g e t h e r with a slight d e c r e a s e 
r a t h e r than further increase in c e l l u l a r Cu+2. 
W i t h i n the range of 0,05 to 2.5 m M , zinc ions 
- showed no o b s e r v a b l e e f f e c t on the c e l l u l a r c a d m i u m 
c o n t e n t of l O O O A《 F i g . 5 - 2 )， d e s p i t e that Cd+2 was 
r e p o r t e d to share the Zn'^ a c c u m u l a t i o n m e c h a n i s m in a 
n u m b e r of b a c t e r i a and that zinc was found an a n t a g o n i s t 
of c a d m i u m ( P a r i z e k , et al,， 1957 ) . F u r t h e r m o r e , no 
s i g n i f i c a n t e f f e c t of the i n c r e a s e in zinc c o n c e n t r a t i o n 
on the c e l l u l 
ar calcium， m a g n e s i u m or iron c o n t e n t was 
found in this e x p e r i m e n t (Fig. 5-3 ) . A l t h o u g h the 
o r i g i n a l zinc c o n c e n t r a t i o n had been raised by 100 times 
from 0.025 to 2.5 mM， the v a r i a t i o n s in c e l l u l a r c o n t e n t 
of C d , C a � Mg and Fe were less than 9%, 
B e s i d e s d i v a l e n t m e t a l s , the c e l l u l a r c o n t e n t s of 
p h o s p h a t e and s u l p h i d e were also d e t e r m i n e d (Fig, 5 - 4 ) . 
The s u l p h i d e c o n t e n t was found to be u n c h a n g e d by Zn+2 • On 
the o t h e r h a n d , a l t h o u g h the p a t t e r n of v a r i a t i o n in 
c e l l u l a r zinc c o n t e n t r e s e m b l e d that of p h o s p h a t e 
c o n t e n t , h o w e v e r , since the d i f f e r e n c e in p h o s p h a t e was 
slight and i n s i g n i f i c a n t , more i n f o r m a t i o n about the 
c o r r e l a t i o n among Cd^^, Cu+2 and Zn+2 and in turn the roles 
of p h o s p h a t e and sulphide c o n c e r n e d with such c o r r e l a t i o n 
should be r e q u i r e d to ensure w h e t h e r zinc uptake was 
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F i g . 5 - 3 . C e l l u l a r C a l c i u m , M a g n e s i u m and Iron C o n t e n t 
of P, picketti lOOOA in C u l t u r e s of D i f f e r e n t Zn'^ 
Levels: 
C o n d i t i o n s of cell p r e p a r a t i o n w e r e the same as in 
F i g . 5 - 2 . Cell samples at s t a t i o n a r y phase were washed 
w i t h isotonic saline and r e s u s p e n d e d to equal 
c o n c e n t r a t i o n . C e l l u l a r c a l c i u m , m a g n e s i u m and iron 
c o n t e n t s of the s u s p e n s i o n s were m e a s u r e d through 
flame A A S , 
O ： C e l l u l a r C a l c i u m C o n t e n t 
• : C e l l u l a r M a g n e s i u m Content 
A : C e l l u l a r Iron C o n t e n t 
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F i g . 5 - 4 . C e l l u l a r P h o s p h a t e and S u l p h i d e C o n t e n t of 
P . Picketti lOOOA in C u l t u r e s of D i f f e r e n t Zn^^ L e v e l s : 
C o n d i t i o n s of cell p r e p a r a t i o n were the same as in 
F i g , 5 - 2 , Cell samples at s t a t i o n a r y phase were w a s h e d 
w i t h isotonic saline and r e s u s p e n d e d to equal 
c o n c e n t r a t i o n . C e l l u l a r p h o s p h a t e c o n t e n t of the 
s u s p e n s i o n s w e r e m e a s u r e d s p e c t r o p h o m e t r i c a l l y with 
the a m m o n i u m m o l y b d a t e m e t h o d of H o l d e n & Pirie 
(1955). C e l l u l a r sulphide was m e a s u r e d with the N ’ N-
d i m e t h y l - p - p h e n y l d i a m i n e method of King and M o r r i s 
(1967 ) as in F i g . 4 - 9 . 
O ： C e l l u l a r PO4 C o n t e n t 
• ： C e l l u l a r S: Content 
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m e d i a t e d b y the a c c u m u l a t i o n of p h o s p h a t e . 
5.3.2 E f f e c t of Cu'^. 
N o c o n s i d e r a b l e d i f f e r e n c e in lag time or rate of 
e x p o n e n t i a l g r o w t h w a s r e s u l t e d by i n c r e a s i n g the i n i t i a l 
C u " c o n c e n t r a t i o n from 0,05 to 0.25 mM ( F i g . 5-5 ). 
H o w e v e r , m a r k e d i n c r e a s e in lag t i m e w e r e r e c o r d e d w h e n 
the i n i t i a l Cii+2 c o n c e n t r a t i o n w a s f u r t h e r i n c r e a s e d to 
1.25 raM. A t t h i s Cu+2 c o n c e n t r a t i o n w h i c h w a s a l r e a d y 
i n h i b i t o r y to the g r o w t h of m a n y o t h e r b a c t e r i a , the rate 
of e x p o n e n t i a l g r o w t h r e t a i n e d by P, picketti l O O O A w a s 
o n l y s l i g h t l y r e d u c e d . 
T h e c e l l u l a r c o p p e r c o n t e n t w a s found to be 
i n c r e a s e d g r a d u a l l y and c o n s i d e r a b l y w h e n the o r i g i n a l 
Cii+2 c o n c e n t r a t i o n in m e d i u m w a s r a i s e d from 0.01 mM to 
1 - 2 5 m M ( F i g . 5 - 6 ) , On the c o n t r a s t , by o n l y i n c r e a s i n g 
the i n i t i a l [Cu+M from 0.01 to 0.05 mM w a s s u f f i c i e n t to 
g r e a t l y r e d u c e the c e l l u l a r zinc and iron c o n t e n t s . 
F u r t h e r i n c r e a s e s in o r i g i n a l [Cu+2j r e s u l t e d in f u r t h e r 
b u t less d r a s t i c d e c r e a s e s in c e l l u l a r a m o u n t s of those 
two e l e m e n t s . In addition， by i n c r e a s i n g the o r i g i n a l 
[Cu+2] from 0.01 to 1.25 m M， d e c r e a s e s (within 2 to 18% ) 
in the c e l l u l a r c a d m i u m c o n t e n t w e r e r e s u l t e d . S i m u l a r 
d e c r e a s e w a s o b s e r v e d m o r e c l e a r l y in the d e t e r m i n a t i o n 
of c o r r e l a t i o n among Cd+2，Cu+2 and Zn+2 (i.e. 5 . 3 . 3 ) . 
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F i g . 5 - 5 . G r o w t h K i n e t i c s of P. picketti lOOOA in 
C u l t u r e s of D i f f e r e n t Cu+2 L e v e l s : 
A 1/200 (v/v) i n o c u l u m of P, picketti lOOOA at 
s t a t i o n a r y p h a s e w a s a p p l i e d to M i n e r a l Salt M e d i u m 
s u p p l e m e n t e d w i t h 20 ppm Cd+2 and 0 . 0 1， 0 . 2 5 or 1 .25 mM 
CUCI2 and w a s i n c u b a t e d a七 35,0±0.5。C w i t h a g i t a t i o n . 
C e l l d e n s i t y w a s m e a s u r e d by m e a n s of 0,0.595 at 
i n t e r v a l s . 
O ： 0.01 mM Cu+2 
• ： 0.25 mM Cu'2 
• ： 1.2 5 mM Cu+2 
m 
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Fig. 5 - 6 . C e l l u l a r C a d m i u m , C o p p e r , Zinc and Iron 
C o n t e n t s of P. picketti lOOOA in Cu l t u r e s of D i f f e r e n t 
Ci"2 L e v e l s : 
A 1/200 (v/v) inoculum of P, picketti lOOOA at 
st a t i o n a r y phase was ap p l i e d to M i n e r a l Salt Medium 
s u p p l e m e n t e d w i t h 20 ppm Cd"^ and 0 . 0 1 , 0 . 1 0 , 0.25 or 
1.25 mM CUCI2 and was incubated at c o n d i t i o n s as in 
Fig-. 5 - 1 , Cell samples at s t a t i o n a r y p h a s e w e r e w a s h e d 
with isotonic saline and re s u s p e n d e d to equal 
c o n c e n t r a t i o n . C e l l u l a r C d， C u , Zn and Fe contents of 
the s u s p e n s i o n s were m e a s u r e d through flame A A S . 
O ： C e l l u l a r C a d m i u m C o n t e n t 
• : Cellular Copper Content 
A : C e l l u l a r Zinc C o n t e n t 
• ： C e l l u l a r Iron C o n t e n t 
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In this e x p e r i m e n t , a t t e m p t s of m e a s u r i n g the 
c h a n g e in c e l l u l a r C0+2 and Mn+2 c o n t e n t s h a v e been m a d e . 
H o w e v e r , the a m o u n t s of them in the s a m p l e s w e r e too 
trace to be m e a s u r e d a c c u r a t e l y (<0.01 p p m ) , t h o u g h 
b a r e l y d e t e c t a b l e . 
It was n o t e d "that the c e l l u l a r s u l p h i d e c o n t e n t w a s 
e n h a n c e d along w i t h the i n c r e a s e in [Cu+2j (Fig. 5 - 7 ) , and 
this e n h a n c e m e n t w a s even m u c h m o r e d r a s t i c at such a 
h i g h l y t o x i c Cu + 2 l e v e l as 1,25 m M . H o w e v e r ,七 h e c e l l u l a r 
p h o s p h a t e c o n t e n t was not i n c r e a s e d s i m u l t a n e o u s l y . S o , 
it is r e a s o n a b l e to b e l i e v e that the a c c u m u l a t i o n of 
c o p p e r ions w a s m e d i a t e d by the u p t a k e of s u l p h a t e r a t h e r 
than by that of p h o s p h a t e , T h i s was m u t u a l l y s u p p o r t e d by 
the r e s u l t s in the c o r r e l a t i o n d e t e r m i n a t i o n among Cd+2， 
Cu+2 and Zn+2 ( 5 . 3 . 3 ) . In a d d i t i o n , a l t h o u g h it w a s found 
in the p r e v i o u s e x p e r i m e n t (i.e. 5 . 3 . 1 ) t h a t the c e l l u l a r 
zinc c o n t e n t w a s r e l a t i v e l y stable e v e n v e r y high zinc 
c o n c e n t r a t i o n w a s a p p l i e d , y e t , it c o u l d be c o n s i d e r a b l y 
reduced by i n c r e a s i n g c o n c e n t r a t i o n of Cu+2. 
5.3.3 C o r r e l a t i o n a m o n g Cd+2，Cu+2 and Zn+2: 
The c e l l u l a r c a d m i u m c o n t e n t s of the c u l t u r e s 
s u p p l e m e n t e d w i t h 0.4 mM Cd+2 (i.e. ( Z n + C d + C u ) * , (Zn+Cd) 
and (Cd+Cu)) c u l t u r e s were m e a s u r e d . A m o n g these three 
c u l t u r e s , the c e l l u l a r c a d m i u m c o n t e n t s in (Zn+Cd + C u ) and 
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F i g . 5 - 7 . C e l l u l a r P h o s p h a t e and S u l p h i d e C o n t e n t of 
P picketti lOOOA in C u l t u r e s of D i f f e r e n t Cu+2 L e v e l s : 
C o n d i t i o n s of c e l l p r e p a r a t i o n w a s the same as in F i g . 
5 — 6 . C e l l s a m p l e s at s t a t i o n a r y p h a s e w e r e w a s h e d w i t h 
i s o t o n i c s a l i n e and r e s u s p e n d e d to e q u a l 
c o n c e n t r a t i o n . C e l l u l a r p h o s p h a t e c o n t e n t of the 
s u s p e n s i o n s w e r e m e a s u r e d w i t h the a m m o n i u m m o l y b d a t e 
m e t h o d of H o l d e n & P i r i e ( 1 9 5 5 ) . C e l l u l a r s u l p h i d e was 
m e a s u r e d w i t h the i V , ^ - d i m e t h y l - p - p h e n y l d i a m i n e m e t h o d 
of K i n g and M o r r i s ( 1 9 6 7 ) as in F i g . 4 - 9 . 
• : C e l l u l a r PO^ C o n t e n t 
A ： C e l l u l a r C o n t e n t 
O ： C e l l u l a r Cd'^ C o n t e n t 
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(Cd + C u ) , to w h i c h extra amount of Cu+2 was a d d e d , were 
much lower than that of the (Zn + Cd) c u l t u r e (Fig. 5 — 8 )， 
showing that high Cu+2 c o n c e n t r a t i o n could reduce the Cd-
uptake of the c e l l s . 
W h e n d e t e r m i n i n g the cellular zinc c o n t e n t of the 
s a m p l e s , it was found that the d i f f e r e n c e s in c e l l u l a r 
zinc level among them were not s i g n i f i c a n t . A t h o u g h the 
o r i g i n a l zinc c o n c e n t r a t i o n in the former two c u l t u r e s 
was 0.4 mM Zn 十2， much higher than 七 hat of the l a t t e r 
(0.025 m M ) , the c e l l u l a r content of all three were close 
to 4,43±0,39 u m o l / g ^ ^ , w h i c h was. the v a l u e obtained in 
the culture of no a d d i t i o n a l Zn+2’ ^ ^ c u ^ ^ A m a x i m u m 
c e l l u l a r zinc c o n t e n t was recorded in the (Zn+Cd) culture 
w h i c h unlike the other three in that it was not 
s u p p l e m e n t e d w i t h extra amount of Cu+2 (Fig, 5 - 9 ) . This 
o b s e r v a t i o n agreed w i t h the results o b t a i n e d in the 
p r e v i o u s e x p e r i m e n t s that cellular zinc c o n t e n t was found 
to remain fairly stable unless an e x t r a o r d i n a r i l y high 
c o n c e n t r a t i o n of Cu+2 was a p p l i e d . So, it was r e a s o n a b l e 
to believe t h a t , except at extreme l e v e l s , c e l l u l a r zinc 
content could still be regulated by an efficient Zn 
h o m e o s t a t i c m e c h a n i s m resembling that claimed by B . 
V e n u g o p a l et ai . ( 1978 ) although the zinc c o n c e n t r a t i o n 
in the cultures were already t o x i c , and t h a t , high copper 
level could give certain inhibitory effect to the 
a c c u m u l a t i o n of z i n c . 
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F i g . 5-8 • Correlation among Cd+2, Cu+2 and Zn+2: 
A 1/200 (v/v) inoculum of P. picketti lOOOA at 
stationary phase were added to Mineral Salt Medium 
supplemented with either 0.40 mM CcT? 0.40 mM Zn+2 
(i,e, Cd + Zn), 0.40 mM CcT? plus 0.40 mM Cu^^ (丄.^. 
Cd+Cu)’ 0.40 mM Zn+2 pi^^ 0.40 mM Cu+2 (i.e. Zn+Cu) or 
all three metal ions each at 0.40 mM (i.e. Zn+Cd + Cu), 
or none of the above (i.e. the c o n t r o l * ) . All the five 
cultures were incubated at 35。C with agitation until 
stationary p h a s e . Cells were then harvested for 
cadmium assay through flame A A S . 
control containing’ 0.025 mM Zn+2，o.Ol mM Cu+2 and 
negligible amount of Cd+2 was used.) 
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F i g , 5-9 • C o r r e l a t i o n among Cd+2，Ci广2 and Z n 。 ： 
A 1/200 (v/v) inoculum of P. picketti lOOOA at 
s t a t i o n a r y phase were added to Mineral Salt Medium 
s u p p l e m e n t e d with either 0.40 mM Cd^^ pj^s 0.40 mM Zn'^ 
(i.e. Cd + Zn) , 0.40 mM Cd+2 plus 0.40 mM Cu+2 (i.e. 
Cd + Cu) , 0.40 mM Zn+2 plus 0.40 mM Cu+2 (i.e. Zn+Cu ) or 
all three metal ions each at 0.40 mM (i.e. Z n + C d + C u ) , 
or none of the above (i.e. the control* ) . All the five 
c u l t u r e s were incubated at 35'C with a g i t a t i o n until 
s t a t i o n a r y p h a s e . Cells were then h a r v e s t e d for zinc-
a s s a y through flame A A S . 
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Comparing the amount of c a d m i u m , zinc and copper, 
in cells (Fig, 5 - 8 , 5-9 5 - 1 0 ) , it seemed that the cells 
p o s s e ssed a relatively higher affinity for copper than 
for the other two. Even in the {Zn+Cd) culture to which 
additional amount of copper chloride was not a p p l i e d , the 
cellular copper level was still higher than the amounts 
of zinc or cadmium in cultures supplemented with 0.4 mM 
Zn+2 or Cd+2 or both. 
The cellular sulphide and phosphate contents of the 
samples were also d e t e r m i n e d . Compared with those of the 
culture not supplemented with any additional amount Zn， 
Cd or C u , the cellular sulphide and phosphate contents in 
all four cultures were considerably increased (Fig. 5-11 
& 5-12 ) • 
In order to take a closer look at the location of 
the extra amount of sulphide and phosphate incorporated, 
the samples were fractionated by sonication and 
c e n t r i f u g a t i o n and the sulphide and phosphate contents in 
the supernatants and pellets were measured separately. 
Compared with the sulphide content of pellet and 
supernatent samples from culture of neither additional 
C d , Zn nor Cu， the sulphide contents in pellets of (Zn + 
C d ) ， （ Z n + Cd + Cu 丨 ’ （ Z n + Cu) and ( Cd + Cu ) sapmles were 
all increased by more than 200% but the increases in 
sulphide contents in supernatants of the samples were 
185 , 
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F i g . 5 - 1 0 . C o r r e l a t i o n among Cd+2，Cu+2 and Zn+2: 
G r o w t h and d e t e r m i n a t i o n c o n d i t i o n s w e r e the same as 
in F i g . 5 - 8 . M i n e r a l Salt M e d i u m s u p p l e m e n t e d with 
e i t h e r 0.40 mM Cd^^ pj^s 0.40 mM Zn.2 (i.e. Cd + Zn )，0.40 
inM Ccr2 plus 0.40 mM Cu+2 (i.e. Cd + Cu )， 0 , 4 0 mM Zn'^ 
plus 0.40 mM Cu+2 (i.e. Zn+Cu ) or all three m e t a l ions 
each at 0.40 mM (i.e. Zn + Cd + C u ) were used and was 
incubated at 35 with a g i t a t i o n until s t a t i o n a r y 
p h a s e . Cells were then h a r v e s t e d for copper assay 
through flame A A S . 
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衫 “etais In Heavy Metal Uptake 
F i g . 5-11 & 5 - 1 2 . C o r r e l a t i o n amon- C c T ^ ， C u ^ and Zn+2. 
G r o w t h and d e t e r m i n a t i o n conditions were the sa.e as 
in F i g . d - 8 . M i n e r a l Salt Medium s u p p l e m e n t e d with 
either 0.40 mM C d - plus 0.40 _ Z n - (i.e. Cd 十 Zn )，0 40 
mM C d - plus 0.40 .M C u - (i.e. Cd + Cu )， 0 . 4 0 _ Z n -
Plus 0.40 .M C u - (i.e. Zn.Cu ) or all three .etaJ ions 
each at 0.40 .M (i.e. Zn+Cd + C u ) were used and that not 
s u p p l e m e n t e d with any addition amount of the three 
ions was c o n s i d e r e d as the c o n t r o l . The cultures were 
incubated at 35。C with agitation until s t a t i o n a r y 
P h a s e . C e l l s samples at s t a t i o n a r y phase were washed 
w i t h isotonic saline and resuspended to equal 
c o n c e n t r a t i o n . C e l l u l a r p h o s p h a t e content of the 
s u s p e n s i o n s were m e a s u r e d with the a 麵 o n i 聽 m o l y b d a t e 
m e t h o d of H o l d e n & Pirie (1955) d e s c r i b e d p r e v i o u s l y . 
C e l l u l a r sulphide was measured with the /VwY-dimethyJ-
P - P h e n y l e n e d i a m i n e method of King and Morris (1967 / a s 
in F i g . 4 - 9 . 
Extra. PO4 = 
(Cellular PO, of sample) - (Cellular PO, of c o n t r o l ) 
E x t r a = 
(Cellular S: of s a m p l e ) - (Cellular S: of c o n t r o l ) 
1 8 8 
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F i ? . 5-13 & 5 — 1 4 , C o r r e l a t i o n among Cd+2， Cu+2 and Zn+2: 
G r o w t h and ceil p r e p a r a t i o n c o n d i t i o n s were the same 
as in F i g . 5 - 8 . Cells samples at s t a t i o n a r y phase ..ere 
w a s h e d with isotonic saline and resuspended to equal 
c o n c e n t r a t i o n . Equal v o l u m e s of the samples were 
s o n i c a t e d and then c e n t r i f u g e d . Without disturbing the 
p e l l e t s , i volume of s u p e r n a t a n t s were carefully 
t r a n s f e r r e d for p h o s p h a t e and sulphide a s s a y s . The 
rest of the s u p e r n a t a n t s were drained off and the 
p e l l e t s were washed once more with f volume of 
isotonic saline before being r e s u s p e n d e d to i original 
v o l u m e for p h o s p h a t e and sulphide a s s a y s . Phosphate 
c o n t e n t of the s u p e r n a t a n t s and p e l l e t s were measured 
with the ammonium m o l y b d a t e method of Holden & Pirie 
(1955) p r e d e s c r i b e d . C e l l u l a r sulphide was measured 
with the ^,.V-dimethyl-p-phenylenediamine method of 
King and M o r r i s ( 1 967) as in F i g . 4-9. 
%P04 in pellet (or s u p e r n a t a n t ) = 
PO4 in pellet (or s u p e r n a t a n t ) — total PO4 x 100% 
%S- in p e l l e t (or s u p e r n a t a n t ) = 
S-- in p e l l e t (or supernatant ) + total S= x 100% 
% change in P O , of (in pellet or s u p e r n a t a n t ) 
= % P 0 4 in sample - ZPO^ in control 
% change in S= = %S= in sample 一 in control 
y / / //\ Pellet 
I ~1 S u p e r n a t a n t 
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m u c h s m a l l e r (Fig, 5 - 1 3 ) . This m i g h t reflect that the 
e x t r a a m o u n t of sulphide was m a i n l y a c c u m u l a t e d on the 
wall c o m p o n e n t s rather than in the c y t o p l a s m . 
The p h o s p h a t e c o n t e n t s in p e l l e t s of (Zn + Cd)， 
(Zn + C u ) and (Cd + Cu) were increased by 20 to 30%， and 
that in pellet of { Zn + Cd + Cu) was only increased by 
a b o u t 3%. O n the other h a n d , the p h o s p h a t e contents in 
the s u p e r n a t a n t s of all four samples were rather not 
i n c r e a s e d but d e c r e a s e d by 18 to 34% (Fig. 5 - 1 4 ) . This 
implied that the strain could not only a c c u m u l a t e 
e x t r a c e l l u l a r p h o s p h a t e u n d e r favorable c o n d i t i o n but 
also g a t h e r those p h o s p h a t e species p r e - e x i s t i n g in the 
cell to bind with the m e t a l s on the s u r f a c e , resulting in 
the a c c u m u l a t i o n of p h o s p h a t e on the wall a c c o m p a n i e d by 
the r e d u c t i o n or at least much less increase in phosphate 
c o n t e n t in c y t o p l a s m . 
^ M i n e r a l Salt Medium (MSM): as d e s c r i b e d in 3.2,2 
e x c e p t that the [ Zn+2 ] and [Cu+2] in the m e d i u m were 
b o t h r e d u c e d to 0.01 mM and that 0.05 mM of glycero-
2 - p h o s p h a t e was used instead of NazHPOq. The [Cd+2 ] in 
this m e d i u m was n e g l i g i b l e . 
(Zn+Cd) c u l t u r e : 
MSM s u p p l e m e n t e d w i t h 0.4 mM Zn''^ and 0.4 mM Cd+2 
(Zn+Cu ) culture: 
MSM s u p p l e m e n t e d w i t h 0.4 miM Zn+2 and 0.4 mM Cu+2 
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Correlation Among Metals In Heavy Iletal Uptake 
(Cd+Cu ) c u l t u r e : 
M S M s u p p l e m e n t e d w i t h 0.4 mM Cd'^ and 0,4 mM C11+2 
( Z n + C d + C u ) c u l t u r e : 
M i n e r a l Salt M e d i u m (MSM) s u p p l e m e n t e d w i t h 0.4 
mM Zn+2, 0.4 mM Cd+2 and 0.4 mM Cu+2 
5.4 D i s c u s s i o n i 
In the c o r r e l a t i o n d e t e r m i n a t i o n of Cd''^, Cu + 2 and 
Zn+2， it w a s r e p e a t e d l y n o t e d that w h e n N a O H w a s a d d e d to 
the cell s a m p l e s of ( Z n + C d ) and (Cd+Cu) c u l t u r e s d u r i n g 
s u l p h i d e a s s a y , i n s t e a d of r e m a i n e d t u r b i d , 七 he 
s u s p e n s i o n s t u r n e d c l e a r inmiediately b e f o r e h e a t i n g at 
95。C. T h i s f i n d i n g c o i n c i d e d w i t h the o b s e r v a t i o n that 
c e l l u l a r c a d m i u m c o n t e n t s in t h e s e two s a m p l e s were 
c o n s i d e r a b l y h i g h e r t h a n t h o s e of the o t h e r s . W h e t h e r 
t h i s p h e n o m e n o n of i n c r e a s e d a l k a l i n e s e n s i t i v i t y was 
a c t u a l l y d u e to the d i s t r u c t i o n of the p h o s p h a t e rich 
w a l l s t r u c t u r e , p r e s u m a b l y the 1 i p o p o l y s a c c h a r i d e l a y e r , 
c a u s e d by the e x i s t e n c e of h i g h l e v e l s of the h e a v y m e t a l 
a n d c o n s e q u e n t l y the b r e a k d o w n of those o r g a n i c 
p h o s p h a t e to r e l e a s e i n o r g a n i c p h o s p h a t e r e m a i n s 
u n t o u c h e d and a w a i t s f u r t h e r s t u d i e s for c l a r i f i c a t i o n . 
D e d u c e d from the r e d u c t i o n of c e l l u l a r zinc and 
c a d m i u m c o n t e n t s in c u l t u r e s s u p p l e m e n t e d w i t h Cu+2 shown 
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in F i g . 5-8 and 5 - 9 ， i t was b e l i e v e d that h i g h Cu+2 
c o n c e n t r a t i o n c o u l d h a m p e r the u p t a k e of not o n l y zinc 
b u t a l s o c a d m i u m . D e s p i t e the u n c e r t a i n t y of the 
r e g u l a t o r y n a t u r e of c e l l u l a r zinc l e v e l , the d e t e r m i n e d 
h e a v y m e t a l d e t o x i c i f i c a t i o n m e c h a n i s m was found to be 
s h a r e d by the r e m o v a l of b o t h c a d m i u m and c o p p e r i o n s . 
However， t h i s m i g h t o n l y r e f l e c t a p a r t of the s p e c t r u m 
of the v e r s a t i l i t y of s u c h mechanisin for the r e m o v a l of 
d i a v a l e n t h e a v y m e t a l s such as lead and m e r c u r y , w h i c h 
r e m a i n to be d e a l e d w i t h , 
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C H A P T E R 6 
HEAVY METAL UPTAKE OF IMMOBILIZED CELL 
6•1 Introduct ion: 
B i o l o g i c a l treatment using bacterial cells is 
con s i d e r e d as an important way to remove p o l l u t a n t s from 
waste w a t e r . E x a m p l e s include the degradation of residual 
carbon and n i t r o g e n o u s sources of domestic wastes and the 
el i m i n a t i o n of dyes from dying industry or even the 
removal of dy n a m i t e residue from m i l i t a r y industry (Yang 
et al. , 1979) . When bacterial cells are used for the 
removal of h e a v y m e t a l s from waste w a t e r , the process 
involves the a c c u m u l a t i o n of heavy metals rather than 
their d e g r a d a t i o n . It would be essential then to ensure 
that the cells that have taken up a considerable amount 
of h e a v y m e t a l can easily be separated from its source. 
C e n t r i f u g i n g a fabulous volume of treated seawage for the 
sep a r a r t i o n of cells from the water medium not only 
requires a vast task but also causes a high cost and low 
e f f i c i e n c y . 
For p r a c t i c a l u se, it would be rational to 
immobilize the cells so that tediuos process such as 
ce n t r i f u g a t i o n in handling all the seawage after the 
trea t m e n t w o u l d no longer be ne c e s s a r y . This might ensure 
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the p o s s i b i l i t y of large scale p r o d u c t i o n . B e s i d e s , 
i m m o b i l i z e d c e l l s have an a d v a n t a g e o v e r free c e l l s in 
that t h e y u s u a l l y e n j o y much h i g h e r p r o b a b i l i t y of being 
r e u s e d . R a i s i n g or h a r v e s t i n g the c e l l s w o u l d be 
u n n e c e s s a r y for e v e r y o p e r a t i o n cycle and such 
i m p r o v e m e n t m a y save not only time but also large a m o u n t 
of p h y s i c a l e x p e n s e s . 
T h e r e are m a n y w a y s of inunob土lization of cells 
d e r i v e d in the p a s t two d e c a d e s and the most e f f e c t i v e 
and p r o m i s i n g o n e s includes e n t r a p m e n t of c e l l s w i t h 
p o l y a c r y l a m i d e , K - c a r r a g e e n a n or C a - a l g i n a t e , e t c . 
H o w e v e r , no ideal g e n e r a l m e t h o d s a p p l i c a b l e to 
i m m o b i l i z a t i o n of all types of m i c r o b i a l cells have been 
d e v e l o p e d (Tso, 1 9 8 8 ) . As a r e s u l t , it w o u l d be n e c e s s a r y 
to choose a s u i t a b l e m a t e r i a l as w e l l as a c r i t i c a l w a y 
of i m m o b i l i z a t i o n to o p t i m i z e the c o n d i t i o n s favouring 
the a c t i v i t y in i n t e r e s t of the i m m o b i l i z e d c e l l . To 
a c h i e v e t h e s e , the e f f e c t s of t e m p e r a t u r e , cell d e n s i t y , 
m e t h a n o l , NaOH and p h o s p h a t e on the h e a v y m e t a l 
a c c u m u l a t i o n w e r e d e t e r m i n e d . 
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6.2.1 P r e p a r a t i o n of Solutions and Medium: 
Cadmium Sulphate Stock Solution was prepared as 
d e s c r i b e d in 2 . 2 . 1 . D . 
Phosphate Stock Solution was prepared as described 
in 3 . 2 . 1 . 
C o n t i n u o u s Culture Medium was prepared as described 
in 3 . 2 . 2 . 
6.2.2 H a r v e s t i n g of Cells: 
A 4-ml inoculum of P. picketti 1000k at stationary 
phase was applied to a Model 6700-0050-0C Omni-culture 
b e n c h - t o p fermentor containing 1 litre of Continuous 
Culture M e d i u m . Continuous culturing was then operated at 
D = 0 . 2 / h r as described in 3.2.6. Effluent was collected 
c o n t i n u o u s l y through the bent outlet and then centrifuged 
at 5。C and 2500 r.p.m. and the cell pellet c o l l e c t e d . 
6.2,3 I m m o b i l i z a t i o n of Cells: 
Free cell is inimobil ized in polyacrylamide gel with 
the method of C h i b a t a . et.al. (1972). 500 mg of 
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a c r y l a m i d e ( B i o - R a d ) , 40 mg of B I S , 5 ml of 5% T E M E D and 
0.5 ml of 2.5% p o t a s s i u m p e r s u l f a t e were m i x e d w i t h 4 ml 
of isotonic saline c o n t a i n i n g 0.2 to 1.0 g of w e t c e l l . 
A f t e r polymerization， the immobilized cell was cut into 
small cubes of 2 mm t h i c k , then w a s h e d once w i t h 
d i s t i l l e d w a t e r and once with s a l i n e . The c u b e s w e r e 
s u b s e q u e n t l y bloted dry and w e i g h e d . 
For i m m o b i l i z i n g cells into K - c a r r a g e e n a n , cell 
s u s p e n s i o n was m i x e d w i t h warm 2.5% (final c o n c e n t r a t i o n ) 
K - c a r r a g e e n a n s o l u t i o n for s o l i d i f i c a t i o n . The gel was 
then cut into small cubes of 2 mm t h i c k . 
6.2.4 D e t e r m i n a t i o n of E f f e c t of T e m p e r a t u r e : 
Four 2-g f r a c t i o n s of immobilized cell (0.25g wet 
cell/g gel) were incubated in separate E r i e n m e y e r flasks 
c o n t a i n i n g saline s u p p l e m e n t e d with 10 ppm Cd""^ (supplied 
as c a d m i u m s u l p h a t e from R i e d e l - d e H a e n ) , O.OlmM sodium 
p h o s p h a t e and O.OlmM sodium sulphate at 24.0±0.5。C or 
32.0±0,5。C w i t h slow a g i t a t i o n at 60 r . p . m . All flaskes 
used were p r e t r e a t e d w i t h saline c o n t a i n i n g the 
a p p r o p r i a t e c o n c e n t r a t i o n of Cd+2 for 24 h o u r s for 
s a t u r a t i o n of n o n - s p e c i f i c binding of Cd+2 to the w a l l s . 
Solution samples were taken for cadmium analysis t h r o u g h 
flame AAS as in 2 . 2 . 9 . 
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6.2.5 D e t e r m i n a t i o n of O p t i m u m C e l l C o n c e n t r a t ion in 
P o l y a c r y l a m i d e G e l : 
In o r d e r to find out the o p t i m u m c o n c e n t r a t i o n of 
c e l l s i m m o b i l i z e d in g e l , three 2—g f r a c t i o n s of 
i m m o b i l i z e d c e l l s w i t h cell c o n c e n t r a t i o n s of 0 . 1 , 0.25 
and 0*5 g wet cell/g gel r e s p e c t i v e l y w e r e i n c u b a t e d in 
f l a s k e s c o n t a i n i n g saline s u p p l e m e n t e d with 4 ppm Cd'^ at 
24.0±0.5"C w i t h a g i t a t i o n . S o l u t i o n s a m p l e s w e r e taken at 
i n t e r v a l s and the r e s i d u e c a d m i u m c o n t e n t w a s a n a l y s e d 
for the d e t e r m i n a t i o n of C d - u p t a k e a b i l i t y of the 
i m m o b i l i z e d cell t h r o u g h flame A A S . 
6.2.6 D e t e r m i n a t i o n of pH E f f e c t on C d - u p t a k e : 
2 g of c h i p s of i m m o b i l i z e d c e l l s (0.25 g/g ) were 
i n c u b a t e d in saline of 4 ppm Cd^ at the same c o n d i t i o n 
d e s c r i b e d in 6 . 2 . 5 . W h e n the d e c r e a s e in the 
c o n c e n t r a t i o n of Cci+2 in the m e d i u m was found s t o p p e d ,七 h e 
saline was r e m o v e d . The c h i p s w e r e t r e a t e d w i t h salines 
at pH 2, 5, 7’ 9 and 12， w h o s e pH was a d j u s t e d by H C l or 
N a O H . The c h i p s w e r e then w a s h e d r e p e a t e d l y w i t h saline 
at pH 7 . 0 . The i m m o b i l i z e d c e l l s were b l o t t e d to dry and 
i n c u b a t e d a g a i n in fresh saline of 4 ppm Cd+2 at the same 
c o n d i t i o n . S a m p l e s w e r e taken at i n t e r v a l s for c a d m i u m 
a s s a y t h r o u g h flame A A S . 
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6.2.7 P r e t r e a t m e n t w i t h 7 0% M e t h a n o l : 
In an a t t e m p t to o p t i m i z e the C d - u p t a k e , 2 g of 
i m m o b i l i z e d cell (0.25 g/g ) was treated with 70% m e t h a n o l 
and washed with saline at pH 7,0. The i m m o b i l i z e d cell 
was then incubated in saline of 4 ppm C d 。 at the same 
c o n d i t i o n d e s c r i b e d a b o v e . 
6.2.8 C o m b i n e d P r e t r e a t m e n t with M e t h a n o l and NaOH: 
Initiated by the e n h a n c e m e n t of C d - u p t a k e of 
i m m o b i l i z e d cells treated at alksline c o n d i t i o n or with 
m e h t a n o l , the combined effect of them on C d - u p t a k e was 
d e t e r m i n e d to see w h e t h e r additive e n h a n c e m e n t could be 
a c h i e v e d . Two 2-g fractions of immobilized cell chips 
(0.25 g/g ) , one 70% m e t h a n o l treated and one u n t r e a t e d , 
were treated with saline at pH 12 then w a s h e d r e p e a t e d l y 
w i t h saline at pH 7.0. The fractions were then incubated 
in saline of 4 ppm Cd+2 at the same c o n d i t i o n d e s c r i b e d . 
6.2.9 Effect of P h o s p h a t e on C d - u p t a k e of Immobilized Cell: 
2 g- of immobilized cell (0.25 g/g ) was incubated in 
saline s u p p l e m e n t e d with 0.01 mM phosphate and 0,5 ppm 
Ccr2 labelled w i t h ^^^Cd^^ (Dupont). The radioeictivities of 
immobilized cells were m e a s u r e d with a Kontron Gammamatic 
II gamma counting system at a window covering 88 k e V . 
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6.2,10 Comparison of Cadmium- and Copper-Uptakes in Cells 
Immobilized in K-carrageen and in Polyacrylamide: 
• •8 g- w e t c e l l s h a r v e s t e d from e i t h e r C d - f r e e or 
Cd — supplemented, culture was immobilized in 4 g of either 
K-carrageenan or polyacrylamide gel. After being cut into 
small c u b e s of 2 mm t h i c k , the b e a d s w e r e p a c k e d into a 
<^ 10 column and eluted at room temperature with a solution 
c o n t a i n i n g 0,5 】nM g l y c e r o - 2 - p h o s p h a t e , 0.5 mM Na.SO. 
( l a b e l l e d w i t h ^^S in form of Na^SO,, A m e r s h a m ) and e i t h e r 
0,5 mM CUCI2 or 0.5 mM C d S O , (labelled w i t h 则 C d in form 
of CdCl,, D u p o n t ) w i t h a r e t e n t i o n time of 10 m i n u t e s . 
E a c h 3 ml f r a c t i o n of e f f l u e n t w a s c o l l e c t e d for 
a n a l y s i s . T he v o i d v o l u m e (Vo ) of the c o u l m n w as r e c o r d e d 
a p p r o x , 3 m l . 
For the c o l u m n s e l u t e d w i t h the Gci+2_containing 
solution, in the effluent was estimated by detecting 
the radioactivity of � CcT^ with a gamma counter as 
d e s c r i b e d in 6 . 2 . 9 . R e s i d u a l S O , in e f f l u e n t s was 
estimated by detecting the radioactivity of S^g species 
w i t h a 13 — c o u n t e r ( B e c k m a n ) a f t e r 0.9 ml of scintilian七 
was a d d e d to 0.1 ml of e a c h f r a c t i o n . For the c o l u m n s 
eluted with the Cu+2 — containing solution, Cu+2 in effluents 
was m e a s u r e d by m e a n s of flame A A S a g a i n s t s t a n d a r d s 
after appropriate dilution. 
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6 • 3 R e s u T t i 
6.3.1 Effect of Temperature on Cd-Uptake: 
I 馳 o b i l i M d cells at 24^C and at 32^0 w e . e found to 
possess same rate and capac.t. of cad.xu. uptake. Most 
of the cadmium removed was achieved within the first 3 
hours. Although after 9 hours the a.ount of 
reeved b . immobilized cells at 24。C was large, than that 
士誦o b U i z e d c e l l s at 32。C，such d i f f e r e n c e should not 
be o v e . - e . p h a s . z e d since s i m i l a r d i f f e r e n c e w a s also 
o b s e r v e d b e t w e e n c e l l - f . e e .els at those two t e . p e . a t u . e s 
(Fig. 6 - 1 ) . Th i s m x g h t o n l y be the c o n s e q u e n c e of lower 
a d s o r p t i o n c a p a c i t y of the gel r a t h e r than the ce l l s at 
h i g h e r t e m p e r a t u r e , w h i c h o b e y e d L a n g m u i r ' s rule of 
su r f a c e a d s o r p t i o n . 
6.3.2 D e t e r m i n a t i o n of O p t i m u m C e l l Concnetration in 
P o l y a c r y l a m i d e G e l : 
A s a m p l e containing, o n l y 0.1 g 卵 t c e l l / g gel 
( a p p r o x . 16 .g dry c e l l / , g e l ) w a s found c a p a b l e of 
r e m o v i n g a b o u t twice as m u c h c a d . i u m as the cell-free 
p o l y a c r y l a m i d e c h i p s d i d . By i n c r e a s i n g the cell d e n s i t y 
in the m a t r i x to 0.25 g _ / , ， t h e C d - u p t a k e c a p a c i t y was 
in c r e a s e d to about 5 ti.es of the c o n t r o l . W h e n the cell 
d e n s i t y w as f u r t h e r i n c r e a s e d to 0.5 - ^ ^ 
… ^ wet / s » tne c a p a c i t y 
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E f f e c t of T e m p e r a t u r e on C d - U p t a k e in 
I m m o b i l i z e d P. picketti lOOOA: 
土 p a c t i o n s of i 麵 o b i l i z e d cell ( 0 . 2 5 , .et 
； ! ' ' g、el) w e r e i n c u b a t e d in s e p a r a t e E r i e 随 ever 
f l ^ s k e s c o n t a i n i n g s a l i n e s u p p l e m e n t e d ..th 10 p p . 
\ as C d S O , f . o . H . e d e l - d e H a e n ) , O . O l . M s o ^ 
= 二 and 0 . 0 1 . M s o d . u . s u l p h a t e at 2 4 . 0 . 0 . 5 ^ 0 o . 
仏 0±0 . 5 C with slow a g i t a t i o n q^ i ‘. 
. , , a g i t a t i o n . S o l u t i o n s a m p l e s w e r e 
t a k e n for c a d . i u . a s s a y t h r o u g h fla.e A A S as in 2 2 9 
at i n t e r v a l s . • • 
• i m m o b i l i z e d c e l l s at 24'C 
• i m m o b i l i z e d cells at 32。C 
〇 Po-lyacrylamide gel at 2 [ C 
A p o l y a c r y l a m i d e gel at 32。C 
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w a s e v e n r a i s e d to a l m o s t 10 times of the c o n t r o l ; 
however, a decrease in mechanical strength of the beads 
w a s also o b s e r v e d . W h e n the cel l d e n s i t y e x c e e d e d 0.75 g 
wet/g‘ （not s h o w n ) , the gel m i x t u r e e v e n f a i l e d to 
s o l i d i f y . By v i r t u e of the ab o v e o b s e r v a t i o n , it was 
l i k e l y that the o p t x m u . c e l l d e n s i t y of the be a d s should 
be a r o u n d 0.25 g • at w h i c h the C d - u p t a k e c a p a c i t y 
could be increased without causing- any considerable 
d e c r e a s e in the r e l a t i v e u p t a k e c a p a c i t y (i.e. ug Cd/g 
c e l l ) or in m e c h a n i c a l s t r e n g t h . To a c h i e v e a 
m e c h a n i c a l l y s t r o n g e r gel of cell d e n s i t y h i g h e r than 0.5 
wet/§- by increasing the concentration of the 
Acryl細ide/BIS stock used xs not reco譲ended since this 
m i g h t i n t r o d u c e e x t r a p r o b l e m of d i f f u s i o n , w h i c h m i g h t 
in turn h i n d e r both the rate and the r e l a t i v e u p t a k e 
capacity• 
6 . 3 . 3 , E f f e c t of pH on C d - U p t a k e of I m m o b i l i z e d C e l l s : 
The e f f e c t of pH w a s d e t e r m i n e d in an e x p e r i m e n t 
in w h i c h 5 P a r r a i l e l i m m o b i l i z e d cell s a m p l e s were used 
to remove the cadmium ions in Cd-containing saline. 
Du r i n g the 1st cy c l e of C d - r e m o v a l , all s a m p l e s e x h i b i t e d 
a l m o s t the same rate and c a p a c i t y of C d - u p t a k e . H o w e v e r , 
a f t e r the w a s h i n g of each sample in a b u f f e r of d i f f e r e n t 
PH f o l l o w e d by r e w a s h i n g of all the sam p l e s in n e u t r a l 
buffer and the renewal of Cd-containing saline (pH 7)， 
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Fig'. 6-2 , Effect of Cell C o n c e n t r a t i o n in 
P o l y a c r y l a m i d e Gel: 
F r a c t i o n s of immobilized cell chips with various cell 
c o n c e n t r a t i o n s of were incubated iri flaskes 
c o n t a i n i n g saline s u p p l e m e n t e d with 4 ppm Cd+2 at 
24.0±0.5 ^C with a g i t a t i o n . Solution samples were 
taken at intervals and the cadmium content was 
a n a l y s e d through flame A A S . Immobilized cells of eel丄 
c o n c e n t r a t i o n exceeding 0.50 gceii/g, were a 丄 so 
p r e p a r e d . They w e r e either too soft or even unable to 
solidi fy, 
O c e l l - f r e e gel 
• 0.125 gcell/g 
• 0.25 gcell/g 
• 0 . 5 0 g c c a i / s 
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1:he profiles of Cd-Pe.oval of the samples d. ve..ed ( P.,. 
A Slight but s.,n.f.cant decrease .n Cd-.e.oval 
c a p a c i t y was not e d xn the sample w a s h e d at pH 7. More 
c o n s i d e r a b l e d r o p of the c a p a c i t y .as even o b s e r v e d .n 
s a m p l e s w a s h e d at pH 2 or ^ a 
^ or t). On the c o n t r a s t , the 
capacity was found to be doubled in fh . 
UD丄ed in the samples washed at 
PH 9 or 12. Nevertheless, the rate nf ph 
， i n e rate ol Cd — r e m o v a l was 
found to decreacjo oii r-
e c i e a s e in all 5 s a m p l e s , as shown by the 
sl o p e s of the c u r v e s m the f i r s t 。 ^ 
ine iirst 乙 h o u r s a f t e r the 
r e n e w a l of C d - s o l u t i o n . B y r e p e a t i n g the w a s h . n . of the 
s a m p l e s in b u f f e r s of d i f f e r e n t p H s , . e w a s h . n . .n n e u t . a l 
b 又斤 fer and the renewal of Cd-solut.on, the Cd-.e.oval 
c a p a c i t y of the a l k a l i n e w a s h e d s a m p l e s w e r e found to be 
r^estored a l t h o u g h the rates w e . e . u . t h e . 
r e d u c e d . On the ot h e r h a n d , both the .ate and the 
capacity of Cd-.e.oval of samples washed with ac.d o . 
eve n n e u t r a l b u f f e r w e r e l a r g e l y r e d u c e d . It was 
s e e m i n g l y the Na O H p r e t r e a t m e n t that not o n l . f a . o u . the 
r e m o v a l of c a d m i u m but also s t a b l . z e such a b i l i t y of the 
i 麵 oMlized cells, Ho.ever, whether this was done by 
k i l l i n g the c e l l， b y modifying, the su r f a c e c h a r g e s of the 
ce i l s or by any o t h e r m e a n s still a w a i t s c l a r i f i c a t i o n . 
6.3.4 Effect of Methanol on Cd-Uptake: 
As an a t t e m p t to share the su c c e s s a c h i e v e d by E w a 
K u r e k et .1 . (1982) .n e n h a n c i n g the r e m o v a l of 
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F i g . 6-3 . E f f e c t of pH on C d - U p t a k e of P, picketti 
lOOOA Immobilized in Polyacrylamide Gel: 
Eq u a l a m o u n t s of im m o b i l i z e d cell chips (0.25 o'/o-) 
were first used to remove Cd+2 from a n e u t r a l saline 
c o n t a i n i n g o r i g i n a l l y 4 ppm Cd^^ ( 土 p e r i o d I in 
fig-ure) at the same c o n d i t i o n d e s c r i b e d in 6 . 2 . 5 . 
Solution samples were taken for cadmium analysis 
thro u g h flame A AS at i n t e r v a l s . The am o u n t of Cd'^ 
re m o v e d w as e s t i m a t e d in terms of the d e c r e a s e of 
Cd+z in s o l u t i o n c o m p a r e d w i t h the o r i g i n a l a m o u n t . To 
see w h e t h e r the ef f e c t of pH on C d - u p t a k e a b i l i t y of 
the i m m o b i l i z e d c e l l s， w h e n the d e c r e a s e in the 
am o u n t of Cd^^ 士打 saline w as found s t o p p e d， t h e saline 
was r e m o v e d and the chips were incubated in fresh 
s a l i n e s at pH 2, 5, 7， 9 and 12 (pH ad j u s t e d with HCl 
or NaOH ) for U hours then w a s h e d r e p e a t e d l y in 
n e u t r a l s a l i n e . The chips were blotted d rv and 
inc u b a t e d a g a i n in fresh saline of 4 ppm Cd+2. Samples 
w e r e taken a g a i n at inter v a l s for cad m i u m assay 
t h h r o u g h flame AAS until no gr e a t e r amount of Cd'^ was 
to be re m o v e d (period 11), As to check the stability 
of C d - u p t a k e a b i l i t y of the im m o b i l i z e d cells and the 
p o s s i b i l i t y of reusing, the same chips for ano t h e r 
rcnmd of C d - r e m o v a l , the p r o c e d u r e s in per i o d 11 was 
rep e a t e d (i.e. p e r i o d I I I ) . 
a to e : i m m o b i l i z e d cells treated at pH 2, 5, 7, 9 
and 12 r e s p e c t i v e l y 
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from a b u f f e r by k i l l i n g the c e l l s w i t h e t h a n o l or K C N , 
a t r i a l of m e t h a n o l p r e t r e a t m e n t w a s p e r f o r m e d to favour 
the C d - u p t a k e . A l o n g the w h o l e p e r i o d of d e t e r m i n a t i o n , 
70% m e t h a n o l t r e a t e d i m m o b i l i z e d c e l l s r e m o v e d c a d m i u m 
from the s o l u t i o n m o r e e f f e c t i v e l y than the m e t h a n o l 
u n t r e a t e d c o n t r o l did (Fig. 6 - 4 ) . The n a t u r e of such 
e n h a n c e m e n t w a s not c l a r i f i e d . N e v e r t h e l e s s , it was 
l i k e l y due to the m o d i f i c a t i o n of some c o m p o n e n t s of the 
i m m o b i l i z e d c e l l s r a t h e r than the killing, of t h e m , since 
a c r y l a m i d e m o n o m e r used in the p o l y m e r i z a t i o n was a l r e a d y 
toxic e n o u g h for k i l l i n g (test on the v i a b i l i t y of c e l l s 
t r e a t e d w i t h a c r y l a m i d e w a s c a r r i e d out as a 
s u p p l e m e n t a r y d e t e r m i n a t i o n a f t e r the e x p e r i m e n t ) . 
6.3.5 C o m b i n e d E f f e c t of pH and M e t h a n o l on C d - U p t a k e； 
In a t r i a l to o p t i m i z e the C d - r e m o v a l w i t h both 70% 
m e t h a n o l and NaOH p r e t r e a t m e n t of the i m m o b i l i z e d c e l l s , 
the o u t c o m e s h o w e d that the e f f e c t s of these two 
p r e t r e a t m e n t s w e r e not a d d i t i v e , A s i m i l a r r a t h e r than an 
a m p l i f i e d c a p a c i t y or rate of c a d m i u m r e m o v a l of the 
c e l l s was o b t a i n e d (Fig. 6-5 ). 
6.3.6 E f f e c t of P h o s p h a t e on C d - U p t a k e of I m m o b i l i z e d C e l l s : 
The r e s u l t was found s i m i l a r to the p r e v i o u s 
o b s e r v a t i o n on the C d - u p t a k e of free c e l l s that c a d m i u m 
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F i g . 6 - 4 . Effect of M e t h a n o l on Cd-uptake: 
In an attempt to optimize the Cd-uptake , 2 g- of 
immobilized eel丄（0.25 e/g ) was treated with 7 0% 
m e t h a n o l and washed "thoroughly with saline at pH 7,0. 
The immobilized cell was then incubated in saline of 
4 ppm Cd+2 at the same condition as described in FiR-. 
6 - 2 . 
The %Cd removed was calculated as 1 - (ratio of Cd'-
remained to total CcTZ in original solution) x 100%. 
• immobilized cells treated with 7 0% m e t h a n o l 
• immobilized ceils untreated with 70% methanol 
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F i g , 6-5 . C o m b i n e d Pretreatnient with M e t h a n o l and 
NaOH : 
I m m o b i l i z e d cell (0.25 g/g" ) , one 7 0% m e t h a n o l treated 
arid one u n t r e a t e d . were treated with saline at pH 12 
then w a s h e d r e p e a t e d l y with saline at pH 7.0. The 
immobilized cells were then incubated in saline of 4 
ppm Cd + 2 and samples were taken at intervals for 
cadmium analysis through flame AAS at the same 
c o n d i t i o n d e s c r i b e d in 6 . 2 . 5 . 
A immobilized cells treated only with NaOH 
• immobilized cells treated with NaOH and Methanol 
216 
Heavy Metal Uptake of Irojiiobilized Cell 
^ ^ 1 0 0 
7b -- . 
70 - -
6 5 - 一 一 - - z z - ； ； ； ： ； ： ； ： ^ ^ 太 
^ 5 0 - - / ^ ^ 二 
. ： ^ 45 — ！ ^ ^ ^ 0 
3 4 卜 / / - 5 0 ；2 
35 - - y C 
〕 / <u 
I 30 — f ^ 
XI 25 — / ‘ . 
o / o 
20 " / 丨 
0 4 1 1 ！ i 1 1 1 1 i 1 1 1 
0 1 2 3 4 ！) 5 7 8 9 10 11 丨 2 l i 
- T ime (h r ) 
t » 
217 
Heavy Metal Uptake of Irojiiobilized Cell 
F i g , 6 - 6 . Ef f e c t of P h o s p h a t e on C d - u p t a k e oi. 
Immobilized Cell: 
2 g of i m m o b i l i z e d cell (0,25 g./g. ) was incubated 
saline c o n t a i n i n g 0,01 mM p h o s p h a t e and 0.5 ppm CcT^ 
s u p p l e m e n t e d w i t h 则〔:d + “” ( in form of C d C l ^， D u p o n t ). 
The r a d i o a c t i v i t y of ^'^^Cd i n c o r p o r a t e d 丄 ri the 
im m o b i l i z e d c e l l s was m e a s u r e d with a Kontron 
G a m m a m a t ic II g a m m a counting- system a 七 a wind OK 
co v e r i n g 88 k e V . 
A: b a c k g r o u n d r a d i o a c t i v i t y in p o l y a c r y l a m i d e gel 
B: rtidioactivity i n c o r p o r a t e d in immobi lized ce丄！_ 
i n c u b a t e d in m e d i u m not s u p p l e m e n t e d with 
a d d i t i o n a l p h o s p h a t e 
C: r a d i o a c t i v i t y i n c o r p o r a t e d in immo b i l i z e d cells 
i n c u b a t e d in medium s u p p l e m e n t e d with 10 uM of 
p h o s p h a t e . 
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a c c u m u l a t i o n of free cells could be enhanced by 
increasing the phosphate concentration in m e d i u m . 
Immobilized P, picketti was found to bind about 30% more 
cadmium in the presence of 0.01 mM PO4 than it did w i t h o u t 
the s u p p l e m e n t a t i o n of PO4 in the m e d i u m . 
6.3.7 C o m p a r i s o n b e t w e e n Cadmium- and Copper-Uptake of Cells 
Immobilized in K - c a r r a g e e n a n and in Polyacrylamide; 
r e f e r e n c e to previuos findings that dead cells 
accumulated more cadmium than viable cells did, it was 
expected that cells immobilized in polyacrylamide gel 
would be m o r e capable of cadmium binding than 七 hose 
m i l d l y i m m o b i l i z e d in non-toxic K - c a r r a g e e n a n . In our 
experiment on the Cd-uptake of immobilized cells in a 
column eluted with Cd—containing s o l u t i o n , such 
difference was confirmed since more v/as found 
residing in the effluents from the columns of K-
c a r r a g e e n a n immobilized cells (i. e. O & • in F i g . 6-
7) than in the effluents from p o l y a c r y l a m i d e immobilized 
cells ( 0 & • in Fig. 6 - 7 ) , 
In a d d i t i o n , the sulphate contents in the 
effluents from a column of Cd-accommodated cells (i.e. 
cells h a r v e s t e d from a culture containing Cd^^) 
immobilized in K - c a r r a g e e n a n (as • in Fig, 6-8) were 
found much h i g h e r than those from Cd-accommodated cells 
220 
Heavy Metal Uptake of Irojiiobilized Cell 
Fig’ 6 - 7 . C o m p a r i s o n of C d - U p t a k e of P. j^icketti 
lOOOA I職o b i l i z e d xn K - c a r r a g e e n a n and in 
P o l y a c r y l a m i d e : 
0.8 g wet cells h a r v e s t e d f r o . P e p t o n e M e d i u m 
( s u p p l e m e n t e d w i t h or w i t h o u t C d 力 were i麵o b U i ^ ^ e d 
in 4 g- of K-carrag-eenan or in p o l y a c r y l a m i d e - e l . 
The i m m o b i l i z e d cells were cut into small cubes of 
2 譲 t h i c k and pac k e d into a ^10 c o l u m n and eluted 
at room t e m p e r a t u r e with a s o l u t i o n c o n t a i n i n g 0.5 
mM N a S O , ( s u p p l e m e n t e d with ^^SO,, A m e r s h a m ) and 0.5 
mM Cd + 2 ( s u p p l e m e n t e d with ^ C d , D u p o n t ) with a 
r e t e n t i o n time of 10 m i n u t e s a c c o r d i n g to Eric 
( 1 9 8 9 ) . E a c h 3 ml f r a c t i o n of e f f l u e n t was 
c o l l e c t e d for c a d m i u m and s u l p h a t e a n a l y s i s . Cd+2 i,, 
the e f f l u e n t s was e s t i m a t e d by d e t e c t i n g the 
r a d i o a c t i v i t y of iog^^^z , • - , ^ . 
丄 Ly oi La with a gamma counter. SO,j in 
e f f l u e n t s w as e s t i m a t e d by m e a s u r i n g the 
r a d i o a c t i v i t v of ^Soq -： th ^ q ^ , 
。 叫 K i t h a B - c o u n t e r (Beckman ) 
a f t e r 0.9 ml of s c i n t i l l a n t w a s added to 0.1 ml of 
e a c h f r a c t i o n . 
O K - c a r r a g e e n a n - i m m o b i l i z e d C e l l s from c u l t u r e not 
s u p p l e m e n t e d with Cd+z 
參 K - c a r r a g e e n a n - i讓 o b i l i z e d Cells from c u l t u r e 
s u p p l e m e n t e d with Cd'^ 
• P o l y a c r y l a m i d e - i m m o b i l i z e d Cells from c u l t u r e not 
s u p p l e m e n t e d with CcT^ 
• P o l y a c r y l a m i d e - i m m o b i l i z e d Cells from c u l t u r e not 
s u p p l e m e n t e d with Cd+2 
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丨 Fig. 6-8. Comparison of Sulphate-Uptake of P. 
lOOOA Immobilized in K-carrageenan and m 
Polyacrylamide: 
The immobilized cells u s e d , the elation conditions 
and the meth o d of m e a s u r e m e n t of SO, in effluents 
were the same as in F i g . 6 - 7 . 
。K-cai、rageenan-immobilized Cells from culture 
not supplemented with Cd'^ 
• K-carrageenan-immobilized Cells from culture 
supplemented with Cd+2 
• P o l y a c r y l a m i d e - i m m o b i l i z e d Cells from culture 
not supplemented with Cd'^ 
• P o l y a c r y l a m i d e - i m m o b i l i z e d Cells from culture 
not supplemented with Cd+2 
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1 誦 o b U i z e d xn Polvacr.Ia.ide ( • m Fig’ 6-8), which 
not only indicated that more sulphate was removed f r o . 
— the influents by C d - a c c o麵 o d a t e d cells in pol.acryla.xde 
than by similar cells in K - c a r r a . e e n a n , but also, 
together with the hx.her Cd-uptake of cells ^.mobilized 
in P o l y a c r y l a . i d e , once again provided a supporting 
evidence for the role of sulphxde as a counterion of 
cadmium observed p r e v i o u s l y . 
Besides, it was also noted that the cadmium 
r e舶 v a l abilities of the samples were fairly stable 
within the whole per.od since even at the end of 
d e t e r m i n a t i o n , all the samples were not yet saturated 
with cad.ium and could still bind quite a large amount of 
c a d m i u m . At the m o m e n t , the Cd-removal efficiency 
(determined as the percentage of Cd+2 removed from 
influent) was still greater than 68% for cells 
immobilized in polyacrylamide and 40% for cells 
immobilized in K-carrageenan (Fig. 6-7). 
In the determination of copper removal of 
immobilized cells eluted with Cu-containing solutxon, the 
copper binding capacities of C d - a c c o腿 o d a t e d cell 
samples， either in K-carrageen or in polyacrylamide, were 
significantly lower than those of the Cd-free samples 
(Fig. 6 - 9 ) , being larger the difference between 
polyacrylamide samples and smaller between K-carrageenan 
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F i g , 6 - 9 . C o m p a r i s o n of Cu-Uptake of P. picketti 
lOOOA I m m o b i l i z e d in K-carrageerian and m 
Polyacrylamide: 
The i m m o b i l i z e d cells used and the ela t i o n 
c o n d i t i o n s w e r e the same as in F i g . 6-7 ex c e p t that 
0.5 mM CUCI2 w a s used instead of 一 s u p p l e m e n t e d 
C d +2—solution. Cu+2 in e f f l u e n t s was m e a s u r e d through 
flame A AS af t e r a p p r o p r i a t e d i l u t i o n . 
O K—carrag-eenan — i m m o b i l i z e d C e l l s from c u l t u r e 
not s u p p l e m e n t e d w i t h Cd+2 
• K — c a r r a g e e n a n — i m m o b i l i z e d C e l l s from culture 
s u p p l e m e n t e d w i t h Cd'^ 
• P o l y a c r y l a m i d e — i m m o b i l i z e d C e l l s from culture 
not s u p p l e m e n t e d w i t h Cd+2 
• P o l y a c r y l a m i d e - i m m o b i l i z e d Cells from culture 
not s u p p l e m e n t e d w i t h Cd+2 
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s a m p l e s • F u r t h e r m o r e , r e l a t i v e l y l o w e r c o p p e r 
a c c u m u l a t i o n of the C d - f r e e i m m o b i l i z e d c e l l s a m p l e s than 
that of the C d - a c c o m o d a t e d s a m p l e s was a l s o n o t e d . This 
a g r e e d to the r e s u l t o b t a i n e d in the d e t e r m i n a t i o n of 
c o r r e l a t i o n of Cd， Cu and Zn in free cells， w h i c h showed 
that the (Cu + Z n ) s a m p l e bound m o r e Cu than the ( Cd + Cu 
+ Z n ) s a m p l e d i d . This m i g h t be due to the e x i s t e n c e of 
the c a d m i u m in the C d - a c c o m m o d a t e d i m m o b i l i z e d cells 
a l t h o u g h w a s not s u p p l e m e n t e d in the i n f l u e n t . As a 
r e s u l t， i t was r e a s o n a b l e to b e l i e v e that Cu^^ 咖丄」e x e r t 
c e r t a i n a n t a g o n i c e f f e c t on c a d m i u m a c c u m u l a t i o n of the 
s t r a i n . In a d d i t i o n , the Cu b i n d i n g a c t i v i t i e s of all 
four s a m p l e s w e r e found even s t a b l e r than the Cd binding-
a c t i v i t i e s w i t h i n the w h o l e p e r i o d of d e t e r m i n a t i o n . 
In this experiment， h o w e v e r , no c l e a r r e l a t i o n s h i p 
b e t w e e n c o p p e r and s u l p h a t e a c c u m u l a t i o n was o b s e r v e d 
(Fig, 6-9 & 6 - 1 0 ) . B e s i d e s , the e a r l y t e r m i n a t i o n of test 
w i t h the c o l u m n of C(j-Unaccommodated cells i m m o b i l i z e d in 
K - c a r r a g e e n a n (i.e. • in Fig". 6-9 & 6-l(n was due to 
b l o c k a g e of the c o l u m n . 
6.4 D i s s c u s i o n : 
The c a d m i u m a c c u m u l a t i o n a b i l i t y of the m e t h a n o l or 
m e t h a n o l p l u s NaOH p r e t r e a t e d i m m o b i l i z e d c e l l s w e r e rather 
e n h a n c e d and s t a b i l i z e d than h i n d e r e d . To e x p l a i n a s i m i l a r 
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Fig-. 6 - 1 0 , C o m p a r i s o n of Cu — U p t a k e of P, picketti 
lOOOA I m m o b i l i z e d in K - c a r r a g e e n a n and in 
Polyacrylamide: 
The i m m o b i l i z e d c e l l s used and the e l u t i o n 
c o n d i t i o n s w e r e the same as in F i g , 6-7 e x c e p t that 
0.5 mM CUCI2 w a s used i n s t e a d of ^cd + z一 s u p p l e m e n t e d 
Cci+2, SO4 in e f f l u e n t s w as e s t i m a t e d by m e a s u r i n g 
the r a d i o a c t i v i t y of ^SgQ^ w i t h a i3-counter 
( B e c k m a n ) a f t e r 0.9 ml of s c i n t i l l a n t w as added to 
0.1 ml of ea c h f r a c t i o n . 
• K - c a r r a g e e n a n - i m m o b i l i z e d C e l l s from c u l t u r e not 
s u p p l e m e n t e d with Cd^-
• K - c a r r a g e e n a n - i m m o b i l i z e d C e l l s from c u l t u r e 
s u p p l e m e n t e d w i t h Cd+2 
• P o l y a c r y l a m i d e — iiimiobilized C e l l s from c u l t u r e not 
s u p p l e m e n t e d w i t h Cd+2 
• P o l y a c r y l a m i d e - i m m o b i l i z e d C e l l s from c u l t u r e not 
s u p p l e m e n t e d w i t h Cd+2 
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phenomenon observed in the investigation on the accumulation 
of cadmium by some bacterial and fungal strains, Kurek et 
a h (1982) pointed out that "the extent of Cd accumulation 
by b a c t e r i a l cells depends on the p h y s i o l o g i c a l state 
of the cells" and that "dead cells derived from resistant or 
sensitive b a c t e r i a sorbed much more Cd from a liquid medium 
than live cells d i d " . It would be reasonable to suggest that 
such a c c u m u l a t i o n ability was not directly a growth 
dependent p r o p e r t y of the cells although some changes in 
growth c o n d i t i o n might give certain effect on the 
accumulation a b i l i t y . In the case of 70% methanol 
p r e t r e a t m e n t , as a hypothesis supplemented to the above 
e x p l a n a t i o n , the decrease in dielectric value caused by the 
addition of alcohol was expected to have something to do 
with such e n h a n c e m e n t . 
A l t h o u g h the cadmium accmulation ability of the 
columns eluted with Cd-containing solution and the copper 
a c c u m u l a t i o n a b i l i t y of those eluted with Cu-containing 
solution were found to be fairly stable, their substantial 
decreases over a certain period of time were not 
i n s i g n i f i c a n t . These might be due to that the heavy metal 
ions and their counterions occupied most of the cell surface 
and the space between the cells and the matrix or that the 
c o n c e n t r a t i o n s of the heavy metals inside and outside the 
chips were already in dynamic equilibrium so that diffusion 
was h i n d e r e d . 
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C H A P T E R 7 
C O N C L U S I O N 
In this w o r k , the findings are summarized as following: 
1. A bacterial strain that could survive at high cadmium 
c o n c e n t r a t i o n and could a c c u m u l a t e relatively large amount 
of cadmium was o b t a i n e d from sewage in Tai Po Industrial 
E s t a t e , Hong K o n g . 
2. It was c h a r a c t e r i z e d to be also chloramphenicol r e s i s t a n t . 
Such antibiotic r e s i s t a n c e was unrelated to its cadmium 
resistance or its cadmium uptake p r o p e r t y . 
3. It was identified as a P. picketti s t r a i n . 
4 . Its cadmium u p t a k e a b i l i t y was u n l i k e l y plasmid e n c o d e d . 
5. According to the o b s e r v a t i o n that cellular cadmium content 
of this strain in cadmium supplemented cultures was not 
reduced by d e c r e a s i n g the glucose c o n c e n t a t i o n , its cadmium 
accumulation m e c h a n i s m was likely energy independent. 
6. Changes in p r o t e i n profile of the strain grown in cadmium 
supplemented media were o b s e r v e d . They were unrelated to 
direct cadmium b i n d i n g . 
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7. A protein of a p p r o x i m a t e l y 14,300 daltons was found to bind 
cadmium e f f e c t i v e l y . Its a f f i n i t y to p h o s p h a t e and sulphate 
was also r e m a r k a b l y h i g h . 
8 . The c a d m i u m uptake of this strain was found to be m e d i a t e d 
by sulphate and p h o s p h a t e . 
9. C o p p e r was found to be c o m p e t i t i v e to cadmium a c c u m u l a t i o n , 
10• The strain was able to accumulate more copper than 
c a d m i u m . 
11. The cells i m m o b i l i z e d in p o l y a c r y l a m i d e provided higher 
cadmium a c c u m u l a t i o n a b i l i t y than those in K - c a r r a g e e n a n . 
12. The cadmium and c o p p e r uptake ability of the immobilized 
cells remained fairly stable upon i m m o b i l i z a t i o n . This 
provide the p o s s i b i l i t y of p r a c t i c a l application of this 
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